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0 INreREST in the carcinoid svndrome Phe purpose of this and a companion 
has heightened in recent years. TI report is twotold: First, to describe in 
has resulted in part from the obser detail the course and findings of a 
tion of additional cases, but r.ore i case ot functioning carcinoid syndrome 
portant in this connection has been the which also — exhibited features — of 


discovery that serotonin is the probable — ,cleroderma: and secondly. to call at- 


cause of certain manifestations of thi tention to the potentially important 
remarkable syndrome. Several reviews implications which this association 


of carcinoid tumors and the associated — may hold with reference to the patho- 


inical features have appeared re- genesis of scleroderma in particular 
cently, including the excellent reports 


: and fibrosis in general. 
by Mattingly \icKusick*, Sjoerdsma, 


Weissbach, and Udenfriend'’, and Case Report. B.1 42-vear-old white 

Ritchie Information regarding sero- housewife, was first seen at the Temple 

tonin 5 hydroxyptrypt imine ) was ( niversity Medical Center on December 20, 

1955, for the evaluation and treatment of 

thoroughly summarized by Page in an unusual and atypical scleroderma-like dis- 
1954", and extended later by Sjoerdsma — order. The patient exhibited marked swelling 

et al and by Borges and Bessman2. and discoloration which involved both legs 

No attempt will be made. therefore, to and had been present for approximately 18 


months. Six months earlier she had noted 
firmness and tightne ss of the skin on the 
inner aspect of the left thigh. By December, 


review again. the subject literature 
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pel liter. Serum 


levels 


ens taken over 


vere in the normal 
iS negative Phe 
{t was negative. Serum 
vith 4.2 gm. albumin 
globulin 
being 2 to 8 units in 


diarrhea 
1956 


were similar to those 


rity ol thre 


January 
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previously described but with the 


information that the 
sulfonamides and penicillin Phe 
sure was 124/84 


ireas on the cheeks and the nose 


additional 
patient was sensitive to 
blood pres 
Phere were purplish raised 
These were 
thickened bis | The skin of 
slightly cis 
ind paper thin in contrast to that of 
Phere was paralysis of lateral motion 
clear \ 
murmur was heard and 


Abdomin il 


palpably 
the hands and arms was dry 
colored 
the le vs 
the 


( right eve The lings were 
basal 


I] S\ stolic 


was transmitted to the Iper 


unination revealed a resistant poorly defined 
mass in the right upper quadrant. It) wa 
lightly tender, but did not move with res 
piration and its exact nature was not clear 

Sigmoidoscopy te 20 nm. Was negative 
Thre stools showed moderate amount ot 


pus ind undigested fibers. The barium meal 


tec] | ly mal l] 
t pr wed all showed SWallow Ith 


function ‘ sophag IS stomach und 
duodenum were likewise normal. The transit 


time through the mall bowel and colon was 


] 
extremely rapid The barium column was in 


the cecal area within one-half hour and in 
the rectum it minutes big The 
ucosal pattern of the mall bowel ppt red 
normal and there was no triation in loop 
caliber. The terminal ileum. ileocecal valve 
rea ind ecu were poorly filled Phe 


irkings 


bland low 


olon lacked h vustral 


findings th 


transverse 


In view of these 


residue diet tinued al inticholinergis 
iwents I nquili ers and Ediol were adminis 


Potaba During the 


subsequent visits in January and February 


there was marked improve ment in the edema 


und the tightne ss of the skin of the thighs and 


ure ith, lessened How- 


ana 


abdominal ill Was 


ever, the diarrhea persisted exhausted 


the patient She became 
inorexic the question Of eXCessive 


tion was raised 


urke dly ck pre SS¢ d 
seda- 
1956 


apathy lethargy 


On February 26 because ot pro 


CTESSIVE 


Inappropriate re 


sponse disorientation restlessness, the 


patient was hospitalized it the 
Hospit il The 


been noted 2 days earlier 


Temple Uni 
versity svinptoms had first 

Physical examina- 
tion revealed the blood pressure to be 110/70 


pulse SO per minute ind respirations, 18 
She appeared well nourished. The malar flush 
and telangiectasia were of a striking purplish- 
red hun . and did not blanch on pr ssure The 
skin over these areas was quite firm and 
thickened. The eves were normal and no 
ocular or facial palsies were noted. The neck 
was supple, the veins were flat, and there 
was no lymphadenopathy. The lungs were 
ausculation and 


clear to percussion The 


i 
\ 
| Center, the find 
I ed trom th t 
th eption that th 
ere with 10 ¢ 
tered along wih the 
{ { Head 
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heart was of normal size a rough grade I 
svstolic murmur was heard over the entire 


precordium Macular and mac ulopapulat areas 


which did not blanch on pressure were 

noted er the 1 abdomen chest 
| 

These were brownish-red in color An ill 


defined mass was again noted in the right 

upper abdomen. Peristalsis was audible. The 
| 


rm and tight over both | it 


skin w 


bered ISS.0O00 per c.mm a tew giant and 
i 

bizarre forms were noted on the stained 

blood — film A total 


done and none were seen Another lupus 


osinophil count was 


ervthematosus cell prepa ition was negative 


| 

Urine analysis on admission gave a 3 plus 
albumin reaction, but the test for reducing 
substance was me Phe MUCTOSCOPIC EX 
unination of — the rine sediment revealed 


was indurated ind reddened but less 
m the initial examination months pre 
iously. No pedal pulse Ss were palpable but 
the teet were warm 
Laboratory studies revealed — the hemo- 
globin to be 11.4 gm. with 4.10 million red 
blood cells per c.mm. The hematocrit was 
10% and the plasma was slightly icteri 
Reticulocyte numbered 3.6 The whit 
blood cells totaled 7.400 per c.mm with a 


normal differential. The blood platelets num 


nd nose patient 


nanv squamous and renal « pithelial cells 
There were 50 to 50 white blood cells per 
high power d field, and 10 to 18 red blood 
cells per high powered field. The fasting blood 
sugar was 71 mg per LOO ml. The alkaline 
phosphatas was 15 Bodansky units The 
total serum protein was 4.6 gm.%, with 2.9 
gm. albumin and 1.7 gm. globulin. The 


direct van den Bergh determination was 


2.23 meg and the indirect, 2.70 mg per 


LOO ml. The thymol turbidity was 2.0 units. 
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ot normal Phe 


mg. pet ml 
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tassium, 6.2 mEq per liter 
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spots to be seen, particularly over the upper 
extremity and trunk. Moreover, the patient 
was found to have a peculiar type of irregu- 
lar mottled cyanosis over the head, uppe! 
extremities and trunk. The skin of the lower 
extremities was reddish brown in color, firm 
and slightly scaley. The breasts were atrophic 
fibrous and multinodular. One somewhat 
larger nodule was noted in the left breast 

When the abdomen was opened, the liver 


was seen to be tremendously enlarged and 


Phe urine ol 


| condition 


itput Was 


Vasopressors and In 


continued 


r expired on February 


opsy was obtained. Ex 


revea 


led ] 


telangiectatic blo 


Were 


the nose 
addition 


sO 


and 
1 to 


trank 


versistence 
od vessels 
on both 
the Vaso- 


purpuric 


le Tha like skin ( hane s of le vs ot patie nt on Dece mber 20, 1955 


vellow in color. It contained several irregular 
umbilicated white nodules with hemorrhagic 
halos (Fig. 4 Approximately 200 ml. of 
cloudy, yellow fluid were found in the peri- 
toneal cavity. There was bilateral effusion 
and old apical pleural adhesions were present. 

The heart weighed 300 gm. A 1.0 cm 
diameter nodule of white tumor tissue was 
present on the lateral surface of the left 
ventricle. On section it was found to extend 
approximately half way through the sub- 
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Fig. 4 Numerous metastatic nodules of carcinoid tumor are present in the fatty liver Phe 


centers of @me are hemorrhagic. 
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wall. Examination 
ventricle revealed 
ial s¢ lerosis Phe 
e were thickened, 
ted. The papillary 
hanges (Fi 5 


mary valve were 


ning white In color, thick 


Phey were fused together 


that the 
tppro 


pulmonary orifice 
ximately half — its 
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The esophagus and stomach showed no 
gross evidence of pathology. The upper part 
of the small intestine showed no evidence 
of disease, but further down there was a 
dark reddish mucosal change beginning 
about 70 cm. from the ileocecal valve. This 
change became more prominent to a point 
10 cm. above the valve. At this point the 
intestinal wall was found to be thickened on 
one side. Examination revealed nodule 
which was firm and white in color. It meas- 
ured 2.5 cm. in diameter and appeared to 
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its 
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t thre 


This thickness appeared 


rphous 


n 
we 


In 


Or In 


Treque ntly in the posterior 


lobe 


bicuspid valve are seen to be thickened, white, and contracted. The 


itral valve revealed 
base Phe walls ot 
slightly thickened, 
e of occlusion. The 
» moderate athero- 
the inferior vena 


venous wall was in 


white material just 


d 400 gm. and the 
There were several white 
diameter suggestive 


both lungs. These 


of the left lung. 


llary muscles are also thickened and contracted 


lic under the mucosal surface (Fig. 6). No 
evidence of ulceration was present. The 
nodule appeared to replace the entire thick- 
ness of the bowel wall. Similar nodules were 
found in the periaortic lymph nodes. The 
bowel was found to be sharply angulated 
over the primary nodule in the ileum. Numer- 
ous very small brownish submucosal nodules 
were found in the cecum and ascending colon, 

The liver weighed 4,250 gm. The capsule 
was thin and stretched tightly over it. The 
liver itself was deep yellow in color. It con- 
tained multiple umbilicated white lesions. 
They were surrounded by hemorrhagic halos. 
A large number of these nodules were seen 


upon section of the liver (Fig. 4) 
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] 
Examination of the pancreas revealed sev 


eral white nodules which were interpreted 


of the wall to be re placed by groups of neo 


plastic cells with the morphologi« character 


is metastatic tumors Phe gallbladder and istics of carcinoid tumor These cells had 
spleen showed no significant pathology round oval. dark to vesicular lei. 
crossly Phe left idrenal contained l small many of which containe | t small red stained 
white nodule in the pe ricapsulan irea nucleolus. The cytopl ism of these cells stained 
The kidneys weighed 200 em. each and pink and was slightly granular in character 
were similar in appearance. section The cytoplasmic boundaries were indistinct 
the U sules were found to be thin and In a tew places, moderate desmoplasia was 
stripped with ease The entire thickness of noted, while in others florid groups of the 
the cortex was Oo! iish-white in olor but rhe opl istic cells could be seen Examination 
the medullary areas were found to be dark of other portions ol intestine neal the 
oray Jor and ired intensely cor primary tumor re tiled roups of these cells 
J 
Fig. 6 In this view of the primary tumor in the ileum, the sharp at lation of the bowel 
in be I Phe partially obstructed bowel proximal to the tumor is he rrhagic and dilated 
gested he pelves ureters and bladder. infiltrating the muscularis and the subserosal 
showed ho evidence ot clise is¢ The internal coats ot the bowel 
genitalia were absent All lavers of the wall of the ippendix were 
Microscopic examination of sections of infiltrated and partially replaced by carcinoid 
small bowel taken 1 short distance ibove tumor Phere Was a lilation of the vessels 


the point of the tumor revealed epithelial 
denudation in the superfic ial parts of the 
villi In the deeper portions howevet the 
usual small bowel columnat epithelium Was 
present Phe papilli and superficial portions 
of the intestine showed intenss congestion 


lema \ diffuse 
cytes ind neutrophils was present The 


and eC 


attering of lympho 


muscle coat showed no significant abnormal- 
ity. Sections taken from the site of the gross 


intestinal tumor revealed the entire thicknes 


of the submucosa. but no other pathologic 
change in the stomach Groups of « ircinoid 
tumor cells) were sonny areas of 
the pancreas 
Sections of the kidnevs revealed no glom- 
The 


erular pathology small blood vessels 


were wick ly dilated Phe epithelial cells of 


the il nvolute tubules were swoll n 


ind had vacuolated cytoplasm Upon staining 
with scarlet R, they were found to contain 


numerous tat dro let 


> 
| 
ty 
As 
et 

43 
> 

: 4m 

my 
& 


Zaratonetis et al ASSOCIATION OF FUNCTIONING CARCINOID SYNDROMI {) 


trative of the pronounced metastati proclivity ot 1 


ialignant carcinoid tumors 
odule ll thre subst ot th breast 


Ss This section is a high power | 190) view of metastatic tumor in lung. Note the 
msiderable amount of fibrous stroma separating the islands of tumor cells. 
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Fig. 9—The carcinoid nodule here seen in the mvocardium measured 1.0 cm. in diameter 


grossly le 190 


Fig. 10.—This view of the right ventricle demonstrates the subendocardial proliferation of 
myxomatous, young fibrous tissue. ( 38) 
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sect 


from the 


thnormality detected on 


ination of the adrenals 
left breast was found 


of carcinoid cells. The breast 


these sections had greater 
onsistency (Fig. 7 

the Jungs revealed in 

ere Was distention while in 


re Was neal collapse ot the 


il edema 


eoli evidences of 


Small islands of carcinoid 
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which contained a few oval to 
10). The stained 


varied 


fibrous tissue 
spindle -shaped le 1 Fig. 
intercellular 
philic to light blue in color. Mucinous degen- 


substance from eosino- 


eration could be seen in several places. A 
small nodule of carcinoid tissue was present 


area just under the endocardial surface. 


in one 
The 
significant pathologic al change 
Sections of the 
it to be thickened as the result of deposition 
to that 
previously 


mvocardial fibers themselves showed no 


pulmonary valve reveal d 


found in the 
desc ribed 


of fibrous tissue similar 


subendocardial area 


hepatic portion of the inferior vena cava shows subendothelial proliferation 


us hibrous tissue 


revealed that almost. all 
ells had tatty 
ce appe ired to be relativels 


uncle 


it the lobules. Also present 
ircinoid cells. Some of the 
entral necrosis 
wcinoid tumor was found in 
heart (Fig. 9). This mass 


the epicardium and_ nearly 


mall coronary artery. The 


rtery showed no. significant 
ms showing endocardial  sur- 
that the subendothelial tissue 

composed of a laver of 


similar to that observed in th 


right heart. 38 ) 


Sections of the mitral and tricuspid valves 


also revealed the same change, but to a 


much less degree 
Sections of the 
a thin layer of fibrous tissue in the subendo- 


interior vena cava revealed 


thelial area (Fig. 11). This tissue was similar 
In appearance to that seen in the endo- 
cardium 

Microscopic examination of skin sections 


obtained from the leg revealed the dermis 
to be composed of dense collagenous tissue 
(Fig. 12). 


The cause of death was carcinoidosis. 
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Discussion. This patient exhibited 
the classical findings for carcinoid 
syndrome: paroxysmal flushing of the 
skin associated with telangiectasia; 
colicky abdominal pain and diarrhea: 
malignant carcinoid of the ileum with 
metastases to the liver and_ other 
organs: and valvular disease of the 
right heart. In addition, there was 


sclerodermatous involvement of the 


\ynerican Journal of the Medical Sciences 


July. 1958 
on each occasion by the extremely 
rapid transit of the barium meal 
Again, re-examination of the roent 
genograms in the light of postmortem 
knowledge revealed a defect which in 
size and location appeared to represent 
the tumor mass (Fig. 3 

While most of the clinical features 


ot this case were typical of the carci- 


noid svndrome. there were two obset 


skin of the lower extremities. Despite 
the fact that the diagnosis is obvious 
in retrospect, the correct diagnosis was 
not made while the patient lived. The 
history of ileitis “confirmed” at the 
time of hysterectomy 4 vears earlier 
was not only misleading, but also tragic 
since removal of the mass at that time 


may well have prevented the later 
course of events. Efforts to visualize 


bowel lesion were frustrated 


a small 


vations of unusual interest. One was 
the patient's history of extreme sensi- 
tivity to alcohol. Ingestion of only a 


small amount of alcohol was said to 


provoke generalized flushing and 
edema. This observation is not unique, 
having been noted previously in 4 
other subjects with carcinoid tumors 
( Hanson and Serin® and Snow et al."*). 
Snow eft al.'* found that the adminis- 


10 ml. of 


tration of 


10% alcohol to one 
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of thei patients was followed — by 
flushing in 4 minutes, and the effect 
lasted tor 15 to 20 minutes. In view 
of such observations it may be. that 
sensitivity to alcohol could be em- 
ploved as a clinical test in suspected 
carcinoidosis. To be sure, such a test 
would be meaningful only when the 
response is positive, but it would be 
highly suggestive when flushing — is 
observed. Other historical clues to the 
presence of a functioning carcinoid 
tumor include the occasional provoca- 
tion ol 


by the ingestion of food or the experi- 


generalized flushing episodes 


of emotional stress. Repeated 
ittacks of colicky abdominal pain and 


bouts of diarrhea should, of course, 


ilso suggest the possibility of this 
vndrome 

The second unusual aspect of this 
case was the extent of fibrosis en 


countered. The fibrotic changes ob- 
erved in the liver, inferior vena cava 
Fig. 1] ind right heart ( Figs. 5 and 
are those classically associated 
vith functioning carcinoid tumors. 
This has been emphasized the 
time of the 
Mattingly Rosenbaum. Santer and 
Claudon ind Thorson et al.'°). A 


number of observers have since postu 


earliest case reports 


lated that the sclerosis of the valves 
yf the right sick of the heart is due 
to an excessive amount of serotonin 
produced in the he patic metastases and 
released into the venous. circulation. 
Failure to induce similar alterations on 
the left side of the heart appears to be 
lue to the destruction of the serotonin 
by monoamine oxidase present in the 
ungs during the pulmonary phase of 
blood circulation. Indeed, this concept 
found strong support in the studies 
Goble, Hav, and 
workers 


performed by 
Sandler These 


blood simultaneously from pulmonary 


collected 


tery and brachial artery in a patient 
vith this svndrome, and found that 
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two-thirds of the free serotonin in the 
blood had been removed during pas- 
sage through the lungs. 

in view of the well-documented pro- 
pensitv of metastasized functioning 
carcinoid tumors to produce fibrotic 
changes in the right heart, it is sur- 
prising that little attention has been 
given to the possibility that similar 
changes might be induced elsewhere 
in the body. Review of cases so far 
reported in the literature reveals that 
there have been a few instances in 
which fibrosis has been reported in 
sites other than the liver, interior vena 
cava, and right heart. The most. strik- 
ing example was the patient reported 
by Cassidyv* in 1931. Aside from the 
characteristic clinical syndrome, this 
patient had two findings of interest. 
There was a “hard edema of the legs” 
and an impassable stricture few 
inches above the anus. At necropsy, 
the pelvic organs could be removed 
only with great difficulty: “It looked 
as though the pelvis had been filled 
with plaster of Paris.” Tissue removed 
from the pelvis vielded the astonishing 
finding of extensive fibrosis without 
evidence of malignancy. 

Bean, Olch, and Weinberg! found 
“much sclerosis together with atrophy” 
in the skin of one of their cases, but 
did not elaborate further on_ this 
finding. 

In the present case, not only is there 
marked change to be seen in the skin 
(Fig. 12), but an increase in fibrotic 
elements was noted in the metastatic 
tumor sites (Figs. 7, 8 and 10). To be 
sure, sclerosing eflects are exhibited 
by other tumors, but this does not 
necessarily militate against the possible 
causal relationship of the carcinoid 
metastases and the fibrotic changes 
associated with them. The presence 
of extensive cutaneous changes re- 
sembling those found in scleroderma", 
along with the other manifestations of 
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fibrosis in this case, suggests the possi 
bility that all of these findings might 
be directly due to the functioning ca 
cinoid tumor. The association of thes« 
findings has been interpreted by Zara 
tonetis'* as a possible clue to the patho 
vsenesis not only of the fibrotic changes 
of the functioning carcinoid svndrome 
but ilso. of scleroderma othe 
hbrotic states It has been further 
theorized that such fibrotic changes 
result from a deranged interaction of 
the serotonim-monoamine oxidase mecl 
anisms at the tissue level This concept 
Is prese nted and discussed in detail in 

companiol irticl 

Summary. A case ot functioning 

rcire id svndrome has be en rar ribe dl 


During life, this patient exhibited 


paroxysmal Hushin t the skin, asso 
ciated with telangiectasia: colicky ab 
dominal pain and liarrhea: cardiac 
TUTTAUES and scleroderma like changes 


Attacks of 


precip 


th extremities 


flushing ind edema could 
tated by thre meestion of leoholic 
} ] 


weverages or DV tional stress 


malign int carci 


Necrops\ reve iled 


noid ot the ileun \\ th metastases to 
the liver lungs eart breast ind 
appendin Fibrotic Changes were ob 


served not onlv in the liver. interior 


vena Cava mad reht he irt Dut also 


in the skin of the id m associa 
tion with the tumor metastases. The 


possible implications of this observation 


have been LISCUISS¢ 
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NICKEL POISONING 


Vil. THE THERAPEUTIC EFFECTIVENESS OF ALKYL DITHIO- 
CARBAMATES IN: EXPERIMENTAL ANIMALS EXPOSED TO NICKEL 
CARBONYL ® 


By Bos West. Pu.D 
RESEARCH ASSOCIATI 


AND 


SUNDeERMAN, M.D... PH.D 


ON OF METABOLIC RESEARCH AND CLINICAL PROFESSOR OF MEDICINI 
Metabolic Research, Jefferson Medical College and the Rohm 
( hiladelphia, Pennsylvania 
vears our laboratory has laboratory tor the measurement of 
hazards of exposure to nickel in biological fluids (Kincaid 
In the course et al." Hald Jacobsen and Larsen 
t]| tigations several agents, have shown that this dithiocarbamate 
rcaprol and calcium di is relatively nontoxic for mice and 
nediaminetetracetic acid, rats*. Furthermore, these workers re- 


test for then therapeutic ettect ported the ILD-, value by parenteral 
sure. It was shown that — injection to be approximately L5 om. 


increased the LDsy value — per kg. of body weight, a value recently 
ts exposed to nickel carbonyl by — confirmed in our laboratory. 

pproximately two". On the In considering the chemotherapeutic 

her h CaNasEDTA was found to properties of the dithiocarbamates, it 

rect is an antidote in experi mav be noted that the bismuth salt of 

law ls \Mlore recently our diethvidithiocarbamate was found to 

ttention has been directed to investi- protect mice against Type I pneumo- 

tions of other promising chemothera coccal infections when given in intra 


This paper is concerned muscular doses of 500 mg. per kg. of 
the antidotal properties body weight (Goth and Robinson 


ft arbamates tollowing ex Moreover, in a study of the antituber 
perimental animals to in-  culous activity of a series of chelating 

lation nickel carbonyl. Studies on agents sodium diethyvidithiocarbamate 
Antabuse and Penicillamine are also was observed to be an effective inhibi- 
ported tor for the growth of Mycobacterium 
Phi lithiocarbamates are widely — tuberculosis (Garattini and Leonard? ). 


ed reagents for the analvses of | Recognition and correlation of these 

ertain metals (Welcher'). The so- chemical and_ biological properties ol 
im salt of the diethyldithiocarbamate — the dithiocarbamates form the founda- 
used as specific reagent in our — tion for the present investigation. 


supported in part by contract of Jefferson Medical College with the 
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Method. Nickel carbonyl was linistered The oral LD) value for Antabuse in 
ee Is by inhalation it ' ~~ tthe rat has been report d to be 8.6 gm 

per kg. of body weight (Child) and 
Crump No symptoms of toxicity 

lixture of equal part were observed after a single intra 

Ce M peritoneal dose ot 0.6 gm pe r kg. given 

an aqueous suspension Hald, 

) ty Jacobsen and Larset In view of the 

\ 1 cribe Kincaid relation of Antabuse to diethyvldithio 

carbamate prelimin ry experiments 

were undertaken to ascertain whether 

ded into 2 groups of | otal properties in the treatment. of 

rved the nickel nickel carbony] poisoning In Table 1] 

a. al e other page ee it will be seen that Antabuse adminis 

tered intraperitone ily in a dosage ol 
250 meg per kg. of body weight does 


provide limited protection against the 


icute toxic effects of nickel « irbonv| 


> ‘ ) | 
Results ANTIDOTAIL ACTIVITY \ Howevet since the dosage required 


S IFS ) } 
ERI OF DIFHIOCARBAMATES In ible to produc this eftect IS times 


| ire presented the chemical hames 


vreater than that required for several 
ind torn is, Une ipproximate LD other dithiocarbamates ho further 
ilues. and the relative antidotal effec studies with Antabuse were und 

tiveness of dithiocarbamates in acute taken 
nickel carbonyl intoxication in mice. It ANTIDOTAI SCTIVITY OF PENICH 
ill b vt in Table 1 that sodium LAMINI Penicillamine dimethvlevs 
diethy Idithiocarbamat sodium di bonis has been reported to enhanc 
methyldithiocarbamate, sodium diiso the urinary excretion of copper. fo 
propyl dithio ibamate and sodium lowing its oral administration to pa 
morpholine dithiocarboxylate appear t tic nts sufferins from Wilson's disease 
be the most effective of the compounds Walshe The compound is reported 
investigated. Of these 4, sodium diethy] to be relatively weaitinil and rapidly 
dithiocarbamate is the least toxic. For excreted by the kidney. The results 
brevity the term “Dithiocarb’ will be of oy, studies indicate that Penicil 
used in place of sodium diethvldithio lamine in a dosage of 100 meg pel 
carbamate in the remainder of — the ke. of body weight administered intr: 
papel peritoneally immediately following ex 
ANTIDOTAI ACTIVITY ANTABUSI posure and repeated t hours later 
Antabuse Petraethylthiuram — disul 


provides protection iwainst the acute 


ide has been S¢ ] re - | ] 
nae Na 1 used in the treatment toxic effects of nickel carbonvl (Table 


chroni ilcohol Eld 
idjam However, if the dose of Penicil 


hown that this compound is reduced — |amine is increased to 250 mg. per kg 


liethvuld Oca 
to diethvidithiocarbamate in vivo as of body weight all of the animals died 


follows within 6 hours after th exposure Since 
the lungs of these animals were not 
hemorrhagic (as is seen in acute nickel 
)oN¢ CN(CH 2(CLH)2NCS carbonyl poisoning) and since death 
e © Diethvldithio from nickel carbonyl in the concen 
Antab realness tration employed does not usually oc 


Vie 

Di 

ere 
lest 
eth 
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18 to 7 


2 hours after exposure 
t is believed that death was due pri 
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nickel carbonyl] in concentrations many 
times the LD-, value 


to the toxicity of Penicillamine “DITHIOCARB. AS AN ANTIDOTE FOR 
Bever NICKEL CARBONYL IN RATS. The results 
DITH ARI AS AN ANTIDOTE FOR presented in Table 3) indicate that 
KEL CARBONYL IN MICE. The results  “Dithiocarb” in a dosage of 100 me 
TABLE 2 
\ I DITHIOCARB ADMINISTERED INTRAPERITONEALLY IN A Dosace or LOO MG. PEI 
in Mice Exposep ro Various CONCENTRATIONS OF CO 
Nic kel \J rtality \/ rtality 
( nit id Treated Carh mil Rat Rati 
10 each me Day 5 Days 
Nif CO 0.048 1/10 7/10 
Nil CO Dithiocarh 0.048 0-10 0-10 
Nii CO 0.06 
co Dithiocarb 0.06 0/10 0/10 
CO O.0O75 7/10 10 
Ni(CO Dithiocarb O.075 0/10 0-10 
CO 0.12 6/10 
Ni( CO Dithiocarb 0,12 0/10 
CO O1S 7/10 
Ni( CO Dithiocar 0.18 0 10 0-10 
Ni(CO 0.30 O10 10-10 
Co Dithiocarh 0.30 0/10 10 
| MTHIOCARB ADMINISTERED INTRAPERITONEALLY IN A DOSAGE OF 50 MG. PER 
in Mice Exposep ro Vartous CONCENTRATIONS OF N1i( CO 
Nickel Vortality Mortality 
( ifr l and Treated Carbonul Rati Rati 
( lO each m I } Day > Days 
Ni(CO 0.048 
Ni( CO Dithiocarb 0.048 0/10 0/10 
Ni( CO 0.06 10/10 10/10 
Ni(CO Dithiocarb 0.06 0/10 0/10 
CO 0.12 10/10 10/10 
Ni( CO Dithiocarb 0.12 0/10 0/10 
Nil CO O.1S 10/10 10/10 
Ni(Cco Dithiocarb 0.18 0/10 0/10 
CO 0.30 10/10 10 
Ni, CO Dithiocarb 0.30 0/10 
ven in ‘Table 2 demonstrate that per kg. administered intraperitoneally 
Dithiocarb” in dosages of 50 and 100 — to rats provides complete protection 
per kg. of body weight adminis- against exposure to nickel carbonyl in 
intraperitoneally provides com concentrations ranging from 0.50 to 


protection against the otherwise 


effects of acute exposure to 


1.99 mg 


minutes. 


per a period ot 30 


} 
{ 
yt 
1 
h 


() The American Journal of the 

The mortality ratios obtained when 
only 50 mg. of “Dithiocarb” per kg. of 
body weight administered to 
rats following exposure to concentra 


were 


tions of nickel carbonyl ranging from 
0.50 to 1.99 mg per L. for 30 minutes 
are given in Table 3. The lower dosage 


of the antidote provides the same pro 
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mice, further siibstantiate the dramatic 
effect of “Dithiocarb” in 
nickel carbonyl intoxication 


protective 


DELAYED TREATMENT OF NICKEL CAR 
BONYL POISONING WITH “DITHIOCARB’ IN 
wick. The studies presented thus far 
have shown the protective action of 


“Dithiocarb” in acute nickel carbonyl 


TABLE 3 
\ EFFECT OF DITHIOCARB ADMINISTERED INTRAPERITONEALLY IN A Dosace OF LOO Mt PER 
KG. OF Bopy Weicur tin Rats Exrposep ro Various CONCENTRATIONS OF N1i( CO 


( it? and Treated 
Groups 10 each 

Ni( CO 

Ni( CO Dithic irb 
Ni( CO 

Ni( CO Dithiocarl 
Ni( CO 

Ni( CO Dithiocarb 
Ni( CO 

Ni( CO Pithiocarb 

B EFFI OF DITHIOCARB ADMINISTERED IN14 
KG. OF Bopy WEIGHT IN Rats Expose! 
Control and Treated 
Gr 10 eacl 

Ni( CO 

Ni( CO Dithiocarb 
Ni( CO 

Ni( CO Dithiocarb 
Ni( CO 

Ni( CO Dithiocarb 
Ni( CO 

Ni( CO Dithiocarb 


tection as was observed with the 100 
mg. dose. It should be pointed out that 
in the groups exposed to 1.99 mg. per 
L. of nickel carbonyl many of the rats 
died while still in the exposure cham- 
ber. The 


upon removal from the exposure cham- 


remainder were moribund 
ber but all the animals administered 
“Dithiocarb” survived. These findings, 


in addition to those 


with 


obtained 


Nickel Mortality Mortality 


irbonyl Ratios Rati 
mi Days >D 
O50 6/10 () 
O50 0/10 () 
0.79 7/10 () 
0.79 0/10 () 
1.°6 10 0 
1.26 10 10 
1.99 1O 
199 QO 10 
APERITONEALLY IN A DOsAGE OF 50 MG. PEI 
» Varntous CONCENTRA Ns OF Ni( CO 
Nickel Viortaliti Veort 
Carbonyl Ratios Rat 
mg./I Days 5D 
0.50 6/10 6/10 
050 0/10 ( 
0.79 1/10 0 
0.79 0/10 ( lO 
1.26 0/10 0/10 
1.99 10/10 0/10 
1.99 0/10 0/10 


poisoning when administered immedi 
ately following exposure. Studies were 
undertaken to determine the effective- 
“Dithiocarb” in the delayed 
treatment of acute nickel carbonyl in- 
toxication. The procedure employed 


hess ot 


was similar to that previously outlined 
with the exception that 30 mice were 
nickel 


carbonyl in concentrations of 0.12 mg. 


exposed simultaneously to 


( 
\ 
SI 
pl 
P¢ 
ra 
th 
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per L. for 30 minutes. They were then 
divided into 3 groups of 10 each as 
follows Group \ received no therapy, 
Groups B and C received “Dithiocarb” 
at varving intervals after exposure 

Table 4 

The results given in Table 4 indicate 
that the withholding of “Dithiocarb” 
for 4 and § hours after exposure pro- 


vides the same order of protection as 


TABLE 4 EFFECT OF DELAYED 


DITHIOCARB IN RATS FOLLOWING 
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kg. by parenteral administration. 
Studies were undertaken to determine 
the therapeutic efficacy of “Dithiocarb” 
administered orally to rats exposed to 
nickel carbonyl. The procedure fol- 
lowed was similar to that previously 
outlined with the exception — that 
“Dithiocarb” was administered cro! 
by stomach tube immediately follow- 
ing the exposure. 


PARENTERAL ADMINISTRATION OF 
EXPOSURE TO NICKEL CARBONYL 


Nickel Mortality Morality 


Carbonyl Ratios Ratios 

Control and Treated Groups mg./I 3 Days 5 Days 

0.12 10/10 10/10 
B. Ni(CO ! Dithiocarb, 50 mg./kg. LP. after 4h 0.12 1/10 1/10 
C. Ni(CO L Dithiocarb, 100 mg./kg. LP. after 4h 0.12 1/10 1/10 
Nif(CO ().12 10/10 10/10 
E. Ni(CO {| Dithiocarb, 50 mg./kg. LP. after Sh 0.12 0/10 0/10 
F, Ni(CO Dithiocarb, LOO meg. /kg. LP. after 8 h 0.12 0/10 0/10 
( Ni( CO 0.12 8/10 10/10 
Nil CO PDithiocarb, 50 kg L.P. after 24h 0.12 1/10 4/10 
I. Ni(CO Dithiocarb, 100 mg./kg. LP. after 24 h. 0.12 6/10 7/10 

rABLE 5 EFFECT OF DITHIOCARB ADMINISTERED ORALLY TO RATS EXPOSED 


rO LETHAL CONCENTRAT 


Control and lreated Groups 
Ni( CO 
Ni( CO Dithiocarb, 50 mg./kg 
Ni( CO Dithiocarb, 100 mg./k¢ 
CO 
Ni(CO Dithiocarb, 50 mg./kg 
Ni(CO Dithiocarb, 100 mg./kg. 


observed when the “Dithiocarb” was 
administered immediately after expo- 
sure However, delaying treatment 
until 24 hours after exposure failed to 
provide the same protection. 

PHE ORAL ADMINISTRATION OF DITHIO- 
CARB. IN. ACUTE NICKEL CARBONYI 
POISONING IN RATS. The LD-;, value of 
Dithiocarb” by oral administration in 
rats was found to be approximately 
the same as the value of 1.5 gm. per 


IONS OF NICKEL CARBONYL 


Nickel Mortality Morality 


Carbonyl Ratios Ratios 

mg./L 3 Days 5 Days 

0.50 5/10 9/10 

orally 0.50 2/10 3/10 
orally 0.50 1/10 1/10 
1.99 10/10 10/10 

orally 1.99 7/10 10/10 
orally 1.99 1/10 6/10 


It will be seen in Table 5 that 
“Dithiocarb” given orally in dosages of 
50 and 100 mg. per kg. of body weight 
provides moderate protection against 
the acute toxic effects of nickel 
carbonyl, particularly at the lower 
levels of exposure. However, oral ad- 
ministration of “Dithiocarb” does not 
provide the same order of protection 
as parenteral administration. 

NICKEL METABOLISM FOLLOWING EX- 


li 
re 
ed 
ed 
ed 
re 
kel 
10 
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POSURE TO NICKEL CARBONYL AND TREAT 
MENT WITH “DITHIOCARB. Nickel bal 
ance studies were undertaken in rats 
exposed to nickel carbonyl. Twentvy- 
four female albino rats weighing 125 
to 150 om. were used in this metabolic 
study. The animals were housed indi- 
vidually in metabolism cages fitted 
with silicone-coated glass funnels to 
iid in the collection of urine. Plastic 
mesh screening was placed between 
the bottom of the metabolism cages 
ind the tunnels used to collect the 
reces inimals were fed al diet of 
Purina Dog Chow Checkers 


and given distilled water ad libitum 


powdered 
\t the beginning of each metabolic 
period the time was noted, the food 
weighed, and the bladder emmtied by 
vently pressing the lower abco:nen of 
the rat. The urine thus obtained was 
discarded. At the end of each metab 
olic period the time was again noted, 
the food weighed and the bladder 
emptied. The weights of ingested food 
ind excreted stool, and the volumes 
of urine were obtained for each 
metabolic period. The stools were 


lried to constant weight and 


pooled, « 
stored in a desiccator. Analvses for 
nickel were made on aliquot portions 
of the tood, feces and urine. 

The night before exposure the food 
was taken away from the rats and the 
next morning the animals were placed 
in the « xposure chamber and subject d 
to an inhalation of nickel carbonyl at 
a concentration of 0.25 mg. per L. for 
) minutes. At intervals during the 
exposure period the concentrations of 
nickel carbonyl in the chamber were 
determined by direct analvysis. 

Twenty-four rats were exposed to 
nickel carbonyl. Twelve of these rats 
served as controls and the remaining 12 


received “Dithiocarb” intraperitoneal) 
in a dosage of 100 mg. per kg. of body 
weight immediately after exposure. 
The mean values for the nickel bal- 
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ance studies in these animals are pre- 
sented in Fig. 1. The data indicate that 
“Dithiocarb” increases the excretion of 
nickel in rats exposed to nickel car 
bony] by approximately 20¢ in the 
first 3-day period following exposure 
4 0.05) (Snedecor Attention is 
directed to the more than threefold 
increase in food consumption and ex 
cretion of nickel in the « xposed inimals 
receiving “Dithiocarb” as compared to 
the exposed animals which were un 
treated. These studies give further evi 
dence of the antidotal activity of this 
compound. in combatting acute nickel 
carbonyl] poisoning 

EFFECT OF “DITHIOCARB.) ON THI 
CONCENTRATION OF BLOOD GLUCOSE IN 
RABBITS. Kadota and Midorikawa* re 
ported that the intravenous administra 
tion of sodium diethvidithiocarbamate 
in a dosage of 500 to 1000 mg pel kg 
of body weight to rabbits produced im 
mediate hyperglycemia Subsequently 
some of the rabbits developed hypo 
clycemia. Histologic examination — of 
the pancreatic glands of these animals 
Was reported to give evidence of de 
generative lesions of the alpha cells 
with slight degeneration of the beta 
cells. The dosages of “Dithiocarb” em 
ployed by Kadota and Midorikawa 
were several times greater than the 
effective doses employ d in ow present 
studies. Nevertheless, the studies by 
the Japanese workers led us to measure 
the concentration of blood glucose in 
rabbits receiving “Dithiocarb” and to 
study the effects of Dithiocarb” on 
the pancreas of sacrific ed rabbits 

The concentrations of blood glucose 
were measured in samples of blood of 
9 normal rabbits by the Sunderman 
micro method'!*. Immediately following 
the withdrawal of blood the rabbits 
were given “Dithiocarb” intravenously 
in dosages of 100 and 250 mg. per kg. 
of body weight. Two hours later, blood 


samples were again taken for analyses. 


tl 
t] 
‘I 

ti 
> 
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This procedure was repeated in some 
ot the intervals of 24. 48 


ind 96 hours 


animals at 


The results which are presented in 


lable 6 indicate that the intravenous 
idministration — of “Dithiocarb” in 
dosages of 100 and 250 mg. per kg. 


of body weight respectively, produces 


hyperglycemia 2 hours after adminis- 


NICKEL METABOLISM 


WITH DITHIOCARB 


DITHIOCARB IN NICKEI 


EXPOSURI 


CARBONYI 


ment of blood glucose. Histopathologic 
examinations of the pancreas of some 
of the rabbits failed to reveal any note- 
worthy change in either the alpha Ol 
beta cells. 

Discussion. The mechanism by which 


“Dithiocarb counteracts the acute 
toxic effects of exposure — to nickel 
carbonyl is speculative. The dithio 


IN RATS AFTER 
EXPOSURE TO Ni(CO)4 


AND TREATMENT 


FOOD 
STOOL 
URINE 
x 200 
wm 150 
= 
© 100 9 
= 
Ni(CO)4 Ni(CO)4 + DITHIOCARB 
( UNTREATED ANIMALS ) ( TREATED ANIMALS ) 
THREE DAY METABOLIC PERIODS 
Fig. | 
tration. However, at both dosage levels carbamates are — strong 


the concentrations of blood glucose in 
the treated 


Ve ls 


animals return to normal 
1S hours. Since “Dithio- 
carb” combines with copper, the pos- 


within 


sibility is entertained that the increased 
values for blood glucose mav be arti- 
factitious and due to increased reduc- 
tion of copper reagent in the measure- 


complexing 
agents which are used for the detection 
cobalt, 
mercury, 


of cadmium, copper, lead, 
y, strontium and 
nickel'®. On the basis of this chelating 
action it is a reasonable assumption 
that “Dithiocarb” with the 
nickel in the tissues of animals poisoned 


with nickel carbonyl to form a nontoxic 


manganese, 


combines 
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chelate. It is noteworthy that “Dithio- 
carb” and closely related derivatives 
are effective while other chelating 
agents, such calcium disodium 
ethvlenediaminetetracetic acid (West 
and Sunderman!’ ), are ineffective. 
Our metabolism studies suggest that 
“Dithiocarb” hastens the excretion of 
nickel in animals exposed to nickel 
carbonyl. Further evidence in support 
of this has been obtained in humans 


rABLE 6 THE CONCENTRATION Of! 


acids and sodium morpholine ditho- 
carboxylate appear to be the most ef- 
fective. Of these 4, sodium diethyldi- 
thiocarbamate ( Dithiocarb ) is the least 
toxic. 

“Dithiocarb” administered intraperi- 
toneally in dosages of 50 or 100 mg. 
per kg. of body weight provided com- 
plete protection against the otherwise 
lethal effects of nickel carbonyl in con- 
centrations from 0.048 to 0.30 mg. pet 


GLUCOSE IN THE BLOOD OF RABBITS 


AFTER THE ADMINISTRATION OF DITHIOCARB 


Dithive arb 


Dosage Before 
Rabbit mg./kg.  Dithiocarb 
| LOO 120 
) LOO 105 
LOO LO] 
} LOO SS 
5 LOO 
6 LOO 82 
7 250 g9 
S 250 112 
Y 950 Q5 


accidentally exposed to nickel carbony] 
who have received “Dithiocarb” thera- 
peutically. These clinical studies will 
be reported in the accompanying 
paper. 

Summary. The therapeutic effective 
ness of dithiocarbamates has been 
studied in experimental animals re 
ceiving lethal inhalations of nickel 
carbonyl. Of the various derivatives 
investigated the sodium salts of diethyl, 
dimethyl, diisopropy] dithiocarbamic 


Blood Glucose mg./ 100 m 
\fter Dithi 
hy 24 hi {5 6 hr 
‘igh. 115 
177 157 
132 95 
157 132 112 
140 155 
132 vi 10S 
150 LOO LOO 75 
902 135 135 5 
147 147 


L.. in mice and 0.50 to 1.99 mg. per L 
in rats. “Dithiocarb” administered orally 
also provided moderate protection in 


a dosage of 100 mg per kg. of body 


weight. 

Greater amounts of nickel were ex 
creted in the urine and feces of rats 
exposed to the vapors of nickel car 
bonyl and treated with “Dithiocarb” 
than in surviving untreated animals 
similarly exposed. 
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SUMMARIO IN INTERLINGUA 


Invenenamento A Nickel. VIL. Le Efficacia Therapeutic De Dithiocarbamatos 
Alcoylate In Animales Experimental Exponite A Nickel Carbonylate 


Le efficacia therapeutic de dithiocarbamatos esseva studiate in animales 
ntal recipiente inhalationes letal de nickel carbonylate. Inter le varie 
derivatos investigate, le sales natric del acidos diethyl-, dimethyl-, e diisopropyl- 
dithiocarbamic e morpholino-dithiocarbamato de natrium pare esser le plus 
efficace. Ex iste 4, diethyldithiocarbamato de natrium (abbreviate como “Dithio- 
carb es le minus toxic. 

Dithiocarb administrate per via intraperitonee in doses de 50 0 100 mg per kg 
de peso corporee provideva un protection complete contra le alteremente 
mortal effectos de nickel carbonvlate in concentrationes de inter 0,048 e 0,3 mg 
per litro in le caso de muses e de inter 0.5 e 1.99 mg per litro in le caso de rattos. 
Dithiocarb administrate per via oral etiam provideva moderate grados de protec- 
tion in un dosage de 100 mg per kg de peso corporee. 

Plus grande quantitates de nickel esseva excernite in le urina e le feces de 
rattos exponite a vapores de nickel carbonylate e tractate con Dithiocarb que 
in le urina e le feces de rattos similemente exponite e supervivente sin tracta- 
mento con Dithiocarb. 


SUMMARIO IN INTERLINGUA 
See page I for original article 


Le Association De Syndrome Carcinoide In Function Con Scleroderma. 
I. Reporto De Un Caso 


Es describite un caso de syndrome carcinoide in function. Durante su vita le 
patiente exhibiva accessos paroxysmal de rubor cutanee con telangiectasia, dolor 
colicoide del abdomine e diarrhea, murmures cardiac, e alterationes scleroder- 
moide cle | € xtremitates interior. Accessos de rubor e edema poteva esser 
precipitate per le ingestion de bibitas alcoholic o stresses emotional. 

Le necropsia revelava carcinoide maligne del ileum con metastases a hepate, 
pulmon, corde, mamma, e appendice. Alterationes fibrotic esseva observate non 
solmente in le hepate, le vena cave inferior, e le corde dextere sed etiam in le 
pelle del gambas e in association con le metastases de tumor. Es discutite le 
signification que possibilemente inhere in iste observationes. 
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NICKEL POISONING 
Vill. DITHIOCARB®: A NEW THERAPEUTIC AGENT FOR 
PERSONS EXPOSED TO NICKEL CARBONYL 


By F. SUNDERMAN, M.D... Pu.D 
DIRECTO DIVISION OF METABOLIC RESEARCH AND CLINICAL PROFESSOR OF MEDICINI 


AND 


SUNDERMAN, Jr., M.D 


RESEARCH ASSOCIATI 


kere thie livision of Metabolic Rese rch Jefferson ( 


Philadelphia, Pennsylvania 


THis paper is concerned with clini nickel carbonvl may not be easily rec 
cal observations on persons accidentally ognized. Nickel carbonyl lacks any 


exposed to nickel carbonyl and treated strong or penetrating odor to warn 


with sodium diethvidithiocarbamate of its presence. Furthermore, severe 


Dithiocarb ). It complements the pre- symptoms may develop — insidiously 
vious paper® which presents our studies hours or even davs afte exposure, In 
of the striking effectiveness of Dithio- a tragic accident which we reported 
carb in counteracting the lethal effects pre viously approximate ly 100) men 
of nickel carbonyl in experimental were exposed to nickel carbonyl of 
animals which 31 required hospitalization and 

Nickel carbonyl is one of the most 2 died. It is noteworthy that in this 
tox chemicals encountered indus accident nickel carbonyl was not rec 
trially.t Hazards from exposure may ognized as the offending agent. until 
arise trom variety of operations. t davs afte exposure 
These include 1) the separation of The boiling point of nickel carbonyl 
nickel from its ores: 2) the prepara- is 43° C. and its vapor pressure at 25 
tion of intermediates in organic syn-  C. is 380 mm. Hg. This high volatility 
theses, sometimes under extremely makes it difficult to avoid exposure by 
high pressures; 3 electroplating op- inhalation during handling. 
erations as a medium for depositing EFFECTS OF EXPOSURE TO NICKEI 
thin lavers of metallic nickel in elec- CARBONYL. The symptoms which fol- 
tronic circuits and magnetic tapes; and — low acute exposure to nickel carbonyl 
f inadvertent formation whenever are of 2 types, initial and delayed. The 
carbon monoxide comes into contact _ initial symptoms are generally mild 


with an active form of nickel. In the and may disappear quickly when the 
latter case, the hazard of exposure is subject is brought into uncontaminated 


increased because the presence of air. Initial symptoms include headache 


Dit! rb” is the authors’ abbreviation for sodium diethvldithiocar| vate trihydrate 
tThis study was supported in part by contract with the Atomic energy Commission 
+The nineteenth American Conference of Governmental Hygienists April, 1957 placed 
the maximal allowable concentration for an « xposure of 8 hours at 0.001 parts per million parts 
Mf air (by comparison, hydrogen cyanide was placed it 10 parts per milli 


| 
| 
hi 
re 
lo 
te) 
th 
sti 
rat 
hy 
cal 


Sunderman and Sunderman: NICKEL POISONING 97 


giddiness, nausea, coughing, dyspnea 
and weakness. Some patients mav feel 
well for several davs after the initial 
symptoms disappear and then develop 
the more serious delaved reactions. In 
other patients the 2 stages may merge. 
Delaved reactions usually commence 
with severe retrosternal pain and com- 
plaints of tightness in the chest. The 
patients develop cough, dyspnea, weak- 
ness and occasionally, gastrointestinal 
and genitourinary symptoms, and ter- 
minally, delirium and convulsions. De- 


LABLI 


PRIHYDRATE 


C.H N-C-S Na 
Appearance White crvstaline 
Velting Point 90-92° C 


ibility Soluble in water 
Insoluble in ether 


PROPERTIES OF SODII 


carb is given in Table 1. Pharmacologic 
studies on the effectiveness of — this 
chemical and related compounds are 
given in the preceding paper. It is 
noteworthy that aqueous solutions of 
Dithiocarb are alkaline. Epigastric dis- 
comfort following ingestion may be 
minimized by the simultaneous admin- 
istration of a buffer, such as sodium 
bicarbonate. For parenteral adminis- 
tration the chemical is buffered with 
monosodium phosphate to yield a sol- 
ution of pH 7.4 


M DIE THYLDITHIOCARBAMATE 


“DITHIOCARB” 


solid 


methanol, ethanol, and acetone 


and be 


Stability Stable at room te mipe rature 
Unstable in acid solutions 
) Mice and rats (1.P. and oral 1.5 gm./kg. body wt 
1 10 us solution of sodium diethyldithiocarbamate trihydrate yields a pH value of 
1.6 att temperature This solution may be buffered with monosodium phosphate to pH 
7.4 \t H meentrations lower than 7.4, the mixture becomes turbid and decomposes, 
level pl odor ot 


tailed description of the clinical course 
has been reported in a previous paper*. 

Within recent vears the high inci- 
dence of carcinoma of the lungs and 
respiratory passages among workers of 
long service in nickel refineries has 
come to be recognized ( Kincaid et 
al Phe bulk ot the evidence would 
tend to incriminate nickel carbonyl as 
the cause of the cancer. Our recent 
studies on the chronic exposure of 
rats to nickel carbonyl support this 
hypothesis' 

SODIUM DIETHYLDITHIOCARBAMATE 
DITHIOCARB ). A summary of the physi- 
cal and chemical properties of Dithio- 


Clinical Studies. During the past 5 
vears, the senior author participated 
as a consultant in the medical manage- 
ment of approximately 165 persons 
accidentally exposed to the vapors of 
nickel carbonyl. The exposures oc- 
curred in conjunction with several dif- 
ferent types of industrial operations. 
Six of the persons were heavily ex- 
posed to nickel carbonyl this past year 
and were treated with Dithiocarb. Five 
additional workers received | or 2 doses 
of Dithiocarb following mild exposure. 
The therapy in these subjects was dis- 
continued when urine analyses failed 
to reveal increased concentrations of 


| 
Mol. wt. 225.3 
\ 
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Ds Thre 


nickel. Thus, to date, 1] persons ex- 
nickel 


ceived Dithiocarb medication. 


posed to carbonyl have re- 

The following case summary is illus 
trative of the patients with severe ex- 
posure who were treated with Dithio- 
carb. Patient D, a healthy, 25-year-old 
industrial 


worker, was accidentally 


sprayed with nickel carbonyl while 


cleaning a decontamination furnace. 
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bonate. The patient was then hospital 
ized, and treated with Dithiocarb in 
an oral dosage of 1 gm. twice daily 
for 10 days following exposure. The 
patient became asymptomatic after 
the second day of hospitalization, and 
he developed no noteworthy delaved 
blood and urine 


reaction. Routine 


analyses were within normal limits 


throughout the period of observation 


PATIENT "D”. 


TREATMENT: 


Nickel CONCENTRATION IN URINE mcgm/looml 


ACUTE EXPOSURE fo Ni(CO)4 


DITHIOCARB,— 2.0gm. per day 


3 4 5 6 7 8 Q 10 16 
DAYS FOLLOWING EXPOSURE 
Fig. | Nickel in urine of patient “D” after exy 


He immediately developed dizziness, 
nausea, hyperpnea, cyanosis, and con- 
stricting pain in the chest. The patient 
was removed from the area and resus- 
citated by inhalation of a mixture of 
95% oxygen and 5% carbon dioxide. 
After the contaminated clothing had 
been removed, and the patient had 


been wrapped in warm blankets, he 


was given 2 gm. of Dithiocarb orally, 
9 


along with gm. of sodium bicar- 


\ glucose tolerance test performed on 
the fourth day after 
normal. 


exposure Was 


On Fig. 1 are presented measure- 
ments of the nickel concentration in 
patient D’s urine during the 16 days 
atter upper normal 
limit for the concentration of nickel 
in urine is 3.0 meg. per 100 ml. It will 
be noted that the initial concentration 
of nickel in this patient’s urine was 200 


exposure, The 
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is the highest 

observed — in 
It will be 
mit patient D continued to excrete in 


nickel in 


100 ml. This 


mice we have 


ny exposed individual. 


seen 


reased concentrations — of 


urine throughout the period of Dithio- 


obtained trom 


irb the rapy 
In lable 2 are 


nts ot 


tabulated 
nickel concentration in urine 
each of the 
vho suffered from heavy exposure and 


measure- 


6 subjects 


KEL IN 


NICKEL POISONING IY 


each of the 
to less than 


6 subjects had decreased 
100 ml. All of 
uneventful and 
able to 
return to work within 2 to 3 weeks. By 
Wal 


2 mcg. per 
the patients 
complete recoveries 


made 
and were 
v of contrast, in our previous report 
of 31 cases of severe exposure treated 
with Dimercaprol®, 2 patients died, and 
in the majority of patients convales- 
cence required several months. Further- 
more, did 
administration 
as usually 


unple asant side reactions 
not develop after the 
ot buffered dithiocarb, 


velop with Dimercaprol. 


de- 


THE 
L, CARBONYI 


URINE Ol 
AND TRE 


WORKERS 
ATED WITH 


DITHIOCARB 


After Exposure 


Days 


21° 97 32 IT 9 26 
19° 38 33 2.8 1.9 
24° 34 22 12 3.1 

15 13 9 9 1.4 1.4 
3232 «2.514 
3.5 3.4 


per LOO ml 


MANAGEMENT OF ACUTI 
NICKEL On the basis of our 
clinical and experimental studies, cer- 


tain the treat- 


EXPOSURE TO 
CARBONYL. 


guides are offered for 


vere treated with Dithioc arb. Patients 
\, B, and C did not receive Dithiocarb 
ntil the eighth day after exposure 
PABLI CONCENTRATION OF NIC 
ACCIDENTALLY EXPOSED TO NICKI 
Time 
5 6 7 
\ 
} 
) ( ) 7 66 40 23 #15 
S7 25 
1Y 6 
1 Dithiocarb therapy was initiated 
entrations are expre ssedl as mcg 
hen they bi van to deve ‘lop delayed 
ictions It is noteworthy that ‘the 
elaved symptoms were alleviated 
ithin a tew hours after the adminis- 
ition of Dithiocarb. A significant in- 


rease in the concentration of nickel 


urine occurred in each of these pa- 
ents following the ingestion of 1 gm. 
Dithiocarb Table 2). A. similar 


nickel 
was observed in patient F, in 
hom Dithiocarb therapy was begun 

the fourth dav after 


ie sixteenth day, the 


f nickel in the 


crease in concentration in 


exposure. By 
concentri itions 


urine samples from 


ment of persons acutely exposed to 
the vapors of nickel c: arbonyl. It is sug- 
gested that after exposure the patient 
be taken away from the 
contaminated area and the outer cloth- 
ing removed. If the patient has col- 
lapsed, the same resuscitative measures 
should be employed as are customarily 
used to treat carbon monoxide poison- 
ing. In addition, an 8-hour collection 
of urine is begun for nickel analysis. 


immediately 


cS 
| 
1} 
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\leasurement of nickel concentration 
in the initial S-hour collection of urine 
has proved to be a valuable aid = in 
patients. It the patients CX 
posure { nickel carbonyl was a heavy 
one and typical initial symptoms ap 
pear, Dithiocarb therapy may be insti 
either orally or if 
routes 


Chere 1S nv doubpt regarding the se 


tuted immediately 


necessal by parenteral 


verity f exposure and it the symptoms 


decisions regarding ther 


ipy may be deferred until the result 


ff urine analvsis for nickel is obtained 
lf the initial S-how specimen of uring 
kel concentration of less than 
( pel 100 mil.. the exposure may 
e cl fied as mild. In such = cases 
it is probable that delaved symptoms 
vill either not deve lop or will be mini 
wal. Most patients in this group ar 
ible to continue at work, although 
few may omplain of fatigue re 
quire rest. Analvses of the nickel con 
entrat 1 in urine should be made 
ch « until the concentrations have 
etul 1 to the normal range. If sever 
er ved vmptoms develop xpect 
edly, it uggested that thes patie nts 
be hi pit lized and given Dithiocarb 
mmediatel 
It the concentration of nickel in the 
first S-he collection of urine is above 
LQ me but less than 50 meg pel LOO 
ml., the exposure may be classified as 


evtere. Since delayed symp 


toms freq 


iently de velop in these pa 


lical Sciences July. 1958S 


tients. they should remain at rest ton 
at least a week 


administered orally in doses of 0.5 gm 


Dithiocarb may be 


} or 4 times daily together with 0.5 
om. of sodium bicarbonate and a full 
glass of water. In our patients Dithio 

carb therapy was continued until the 
patients were free of symptoms incl the 

concentrations of nickel in urine wer 

less than 10 meg per 100 ml 

It the concentration of nickel in the 


first S-hom collectic n of urime ibove 
90 meg. per LOO ml., the exposure may 
be classified as sever Phese patients 


ire apt to be seriously ill and require 


hospitalization \lost of these patients 


can be maintained with oral Dithio 
carb therapy us witlined tor the 
mode rate up) Howe Vel 


thr patients condition is critical, it is 


suggested that Dithiocarb be adminis 
tered parenterally ! n initial dosage 
of 25 mg. per kg. of body weight and 
that the total amount during 24 hours 
be limited to 100 mg. per kg. of body 
weight.t It should bi emphasized that 


thus far, none of ow patients has re 
ceived Dithiocarb parenterally 

It is suggested that patients rece ly 
ing Dithiocarb abstain trom alcoholic 


beverages One of the heavily exposed 


patients in our series ing sted alco 


holic beverages ) davs itte) discon 


Dithiocarb The ittending 


physic ian noted that this patient ex 


peri need 


described after Antabus« The relation 


tinuimg 


symptoms similar to those 


te irene tl entrat f nickel i irine t 69 rimal 
nee l.l m per 100 S.D 0.9 data 
t ion that only specimen in 50 selected fh | poy tion will 
| value fe ick oncentration in urine of 3.0 per LOO | Phis 
elected as the upper limit of normal. Measurements of nickel entration 
ven more satisfactory than estimations of the urinar excretion f nickel 
heulty f obtainjng from industrial \ kers a t isure t f the 
ret within tipulated periods tine 
a f Dithiocarh for parenteral injection is prepared by adding 10 ml. of a 
sterile von phosphate buffer 2407) NaH.PO per 100 ml | vim powdered 
Lit ) t 1 in a sterile ampule The resultins olution contai LOO me t Dithio 


Inv 


| 
\¢ 

; 
| 
Li¢ 
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Sunderman 


hip between Antabuse and Dithio 
irb has been discussed in the pre 
eedint paper 


Summary. Studies are reported on 


and Sunderman: NICKEL POISONING 31 


On the day after the administration 
ol Dithiocarb the concentration of 
nickel in urine became increased in 
each of the patients subjected to severe 


11 persons who received Dithiocarb — cxposure. With continued therapy, the 
sodium diethvidithiocarbamate ) after concentrations of nickel in urine grad 
cidental « posure to the vapors ol ually decreased and reached approx 
kel carbonyl mately normal levels within 16 davs 
In the ¢ posed persons the manites after exposure 

tations of nickel carbonyl poisoning \ plan is proposed for the medical 
vere relieved after the ingestion of | management of patients suffering from 

Dithiocarb. Delayed reactions were — the effects of acute exposure to nickel 
nd convalescence Was uh carbonv] 
vent! 
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SUMMARIO IN INTERLINGUA 


Invenenamento A Nickel. VILL. Diethyldithiocarbamato De Natrium: Un Nove 
Agente Therapeutic Pro Le Tractamento De Personas Exponite A Nickel 
Carbonylate 


Es reportate studios executate in 11] personas qui recipeva diethvidithiocar 


mato de natrium abbreviate per le autor como “Dithiocarb’ post haber essite 
ponte ntalmente al vapores de nickel carbonvlate 
In le personas exponite, le manifestationes del invenenamento per nickel car- 


onylate esseva alleviate post le ingestion de Dithiocarb. Le reactiones tardive 
seva minimal, e le reconvalescentia passava sin incidente digne de nota 

Le die post le administration de Dithiocarb, le concentration de nickel in le 
rina cresceva in omne le patientes severmente exponite. In le curso del therapia 
concentrationes de nickel in le urina decresceva gradualmente e attingeva 
lores approximativemente normal intra 16 dies post le exposition. 

Es proponite un plano pro le tractamento medical de individuos qui suffre 
| effectos de exposition acute a nickel carbonylate. 
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OBSERVATIONS ON AMANOZINE 


(W-1191-2), A TRIAZINE DIURETIC 


COMPOUND*® 


By Davin V. M.D 


AND 


V. Forp, \1.D 


| 


and Veterans Administration 


THE search for a potent, nontoxic, 
orally effective nonmercurial diuretic 
has led to the evaluation of various 
derivatives of formoguanamine, which 
has long been known to be a potent 
but toxic diuretic. One of these deriva 
tives is a triazine compound, chlor 
azanil, which has been shown to be a 
potent oral diuretic but which has dem 
onstrated occasional, moderate eleva 
tions of blood urea nitrogen when 
given in effective doses (Ford et al. 
(W-1191-2 is another 
triazine compound, an analogue of 


Amanozine 


chlorazanil, which has been offered to 
further the search for a potent, non- 
toxic triazine diuretic (Warner-Chil 
cott* ). This new compound, amanozine, 
was investigated to delineate its di- 
uretic potency, its mechanism of ac- 
tion as revealed by its particular elec- 
trolyte excretion pattern, and its effec- 
tiveness and undesirable side effects, 
if any, with prolonged and repetitive 
daily oral administration. 


Methods and Materials. Two groups of pa- 
tients cooperated in the study of this com 
hospitalized, 


pound. One group consisted 
amabulatory male patients with a roughly 
equivale nt controlled cardiac failure. These 
patients were maintaine d in an air-conditioned 
metabolic ward under the observation of 
trained personnel. Each patient was weighed 
daily after voiding, before breakfast All 
medications required for the control of 
cardiac failure with the exception of diu- 


Yepartments of Medicine and Pharmacology, Bavlor University College of Medicine 


Hospital Houston, Texa 


retic agents, were ntinued throughout. the 
study. Their diet contained ipproximately 300) 
gm. of carbohydrate, 10 m. of protein and 
100 om. of fat, with total of 2800 calories 
per dav. The sodium ntent of each patient's 
diet was exactly 50 mEq. per 24 hour The 
patients drank liter listilled water 
illotted fractionally t re a constant water 
intake throughout the d Chev were allowed 
to equilibr ite on thi liet until eacl patient 
excreted a constant amount of sodium which 
ipproximated 90) > ml per 24 hours 
ol their dietary sodiur 

A dose response rve was determined for 
Ten patient wert riven the 
drug orally in doses of 150 mg. and 300 mg 
it 6:00 a.m. and 6:00 | on the drug day 
Before the idministratior f eacl ceeding 
dose, several days were illowed for the res 
toration of equilibriu » of water and electro 
lyte especially sodi stores. Urine was 
collected in 24-hour periods ind inalyzed 
for sodium and volume before, during, and 
ifter each drug perl 

The effect of in on. the urinary 
excretion of various electrolytes ind water 


was observed in 4 patients. Urine was col 


lected under oil in six periods per 24 hours 
three hour pe riods ul d three hour 


riods These specimens wert inalyzed_= for 
sodium potassium chloride phosphat titra 
table acidity. ammonia. bicarbonate. total 


solute and volume. Two of the 4 patients r 
ceived 150 mg. of amanozine as a single oral 
dose at 6:00 a.m. and another 150-mg. dos 
at 6:00 p.m. of the same day. Two other pa 


tients received 300 m amanozin 


al 
single oral dose at 6:00 a.m. and another 300 
mg dose at 6:00 p.m of the same day 

\ simpl nitrogen balance study was con 
ducted on a single patient This patient, an 


intelligent and cooperative white man, was 


Supported in part by a grant from the Houston Heart Associati 
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ward under the 

His diet 
sodium, chloride, 
content. Discrete 
were obtained before 

‘ therapy and at the end of drug therapy 
\t the end of a 5-day period of equilibration, 
he patient marker to 


lelineate the start of the 5-day control pe- 


iaintained on the metabolic 


urinalyses were obtained on each patient be- 
fore amanozine was given and again at the 
termination of the 21-day drug period 
Amanozine given to 6 
patients in chronic 


nditions already 


inalyzed for its 


desc ribed was 
nitrogen 
hosphate and potassium was female out- 
whom water retention 
due to unknown cause(s) Was present. They 
were otherwise apparently normal. During 
the total period of observation, each patient 
remained on a diet containing 50 mEq. of 
sodium daily and drank 3 liters of distilled 
water distributed equally throughout the day. 
Patients were weighed daily and their daily 


urinary sodium and urine output was meas- 


enal function studies 


Was given a Carmine 
ind subsequent stool collections were 
btained according to standard techniques 
nalyzed for the moieties as the diet 
ing o-day pe riods. On the last day of each 
eriod the patients’ hematocrit, blood urea 


trogen, creatinine 


Same 


ured. After 3 days on this regimen, each pa- 
tient 150 mg. of 
single oral dose. 


Inorganic phosphorus, received 
d serum sodium, potassium, chloride and 
rbon dioxide combining power were de- 


rmined. On each of the 5 days of the first 


amanozine as a 
After a lapse of 4 days (for 
the re-establishment of equilibrium ) 300 mg. 
of amanozine as a single oral dose was given. 


ABLI THE EFFECT OF ORALLY ADMINISTERED AMANOZINE (W-1191-2 
ON SODIUM AND WATER EXCRETION 
Average values for 10 patients at each dos 
Urine Sodium Urine Volume 
t mEq./24 hrs L./24 hrs 
D 
{ D | D | 
5 17 64 17 3.00 3.49 0.49 
P value less than 001 001 
600 18 68 1) 2.99 348 0.49 
P value less than 00] 00] 
} P value between the 
two doses NS N.S 
( Control values (average of two preceding 24-hr. periods ) 


1) \ ilues 


m day of drug administration 
crease in excretion due to the drug 


period, the patient received 150 mg. Results. DOSE-RESPONSE RELATION- 

manozine orally 00 agi T 
imanozine orally at 6:00 a.m. and again sips (Table 1). Amanozine given in 
6:00 p.m. of the same day. During the f 150 

nd drug period the patient received 300 @" Oral dose of 150 mg. twice dail 


of amanozine 


In at 


orally at 6:00 a.m. and 
6:00 p.m. of the same day for 5 
secutive days. This was followed by a 5- 
post-drug period 

he effects of amanozine after chronic daily 
ipy was investigated in a group of 10 
All 10 patients 
were 


trolled cardiac outpatients 
and 


also 


ted with 


hy pt rtensive 
Rauwolfia 


being 
and a_ ganglionic 


king agent. Each patient was continued 


caused an increase in sodium excre- 
tion of 17 mEq. and water excretion 
of 0.49 liters per 24 hours. Following 
the administration of 300 mg. of 
amanozine twice daily, there was an 
increase in sodium excretion of 20 
mEq. per 24 hours and an_ increase 
in water excretion of 0.49 liter per 24 


300) Tha “na” an > » DAL 
the anti-hypertensive medications, and hours. The “p” values between the 24 
" mmanozine, 150 mg. orally twice daily hour responses to 300 mg. and 600 mg. 
an : period of 21 days. Blood urea nitrogen, of the compound in water and sodium 
ann genous creatinine clearances (two con- 


tive 30-minute periods), 15-minute PSP 


etion rates (after intravenous PSP) and 


excretion were not significant. The ad- 
ministration of 600 mg. per day (300 
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OBSERVATIONS ON AMANOZINI 
p> riod: the second dose did not. sig 
nificantly alter this increased rate. Bi 
carbonate increased after each dose 
but the total quantity of bicarbonate 


everctvion pe 24 hours was relatively 


Insignificant Phosphate excretion fell 
but the fall was of short duration, with 


rapid return to control levels. A’ simi 


METABOLIC BALANCE 
ea 
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Die 
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eara 
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n 
PAHA 
| 
[ 
n if 
€ i5 20 
Jay 
a a 
are at e) 
tol not 
patic 
lar fall was recorded atter the second 
] 
CLOSE 
EFFECT OF AMANOZINE ( W-1I191- 
2) ON METABOLIC BALANCE (Fig. 2 
Amanozine caused more sodium. po- 
tassium, chloride and water to be ex- 


the 
nitrogen 


creted than 
( onversely. 


daily diet prov ided. 


and phosphate 


excretion fell below daily dietary in 


take. During the second drug period 


— 
| 

= 
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TABLE 2.—THE 


EFFECT OF 


(W-1191-2 


150 mg. Orally Twice Daily for 21 Days, to Hypertensive Patients 


Blood Urea Nitrogen 


mg 
Patient ( 
13 
) 18 
| 
24 
f LS 
12 
LG 
13 
LO 9 
Averat LS 
P val 
( Control valu 


Values at the 


100 ml 


30) 
28 


00] 


es 


ON 


n 


Creatinine Clearance 


ig./minute 


( D 
76 13 
103 32 
S4 71 
133 LOO 
132 QO 
SY 62 
OY 70 
LOO 57 
77 LOO 
109 70 
LOO 72 
OO] 


end of 3 weeks’ the I ipy 
PD \ ilues ) weeks atter « 


Standing 


rABLE 3 THE 
FOLLOWING 
150 mg 
Control 
Recum 
bent 
Patient Sf Df S 
| 200 120 LSO 
2990 128 214 
900 «110 «160 
| LSO 110 140 
5 160 100 130 
6 184 120) 210 
7 200 104 104 
5 176 90 L50 
) 228 96 990 
10 200» «160 
Average 195 110 167 


t MMe inB P 138 
P value 


All patients continued therapy with pres 


agent exce pt Pt S 


—( Control Values - 


PD Post Drug 
tS= Systolic—D 
t Mean B P 


iscontinuation of therapy 


EFFECTS ON 
CHRONIC 


Orally 


D 
L10 
120 

90 

70 

SO 
128 

= 
LOO 

90 
110 


119 


Values 
Diastolic 


['wice Daily tor 21 Days to Hypertet 


BI 


THE 


OO 


Re cum 


bent 
S D 
LSO 110 
246 120 
180) 
170 100 
150 100 
«110 
238 120 
174 100 
224 100 
194 108 

137 


Drug 


Diastolic Pressure plus 1 


PSP Excretion 
15 Minutes 


© tn 


BLOOD PRESSURE 


-RAPY WITH 
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D PRESSURE 


Drug 


Standing 


S D 
150 90 
2916 126 
140 80 
120 SO 
110 70 
124 9O 
52 GQ 
150100 
194 108 
140 
150 
NS 


> 
Re cum 


bent 
S D 
900 
220 «6130 
900 110 
LSO 110 
160 100 
910 120 
120 
174 94 
120 
194 112 

139 


Sive 


(10 PATIENTS 


Albumin or 


( D 
A 4 
\ A+ 
\ \ 
\ \ 
\ \ 
0 0 
0 0) 
( 
0 
\ Q 


BODY WEIGHT 
W-1191-2 


Patients‘ 


t Drug 
Body Wei 
pounds 
Standing 
S D 
220 130 156 154 
160 90 148 145 
140 70 151 147 
130 80 165 163 
180 116 174 172 
210 110 135 134 
156 100 184 182 
190) 110) 137 
160 110 132 130 
103 154 
196 
NS <.0] 


CHRONIC ORAL ADMINISTRATION OF AMANOZINE 
RENAL DYNAMICS 


with Controlled Failure 


Urinalysis 


Ils 


ght 


ious instituted Rauwolfia plus ganglionic blocki 


Values after three weeks therapy (W-1191-2) 
3 weeks after discontinuation of W 


3 Pulse Pressu 


e 


1191 


-2 therapy 


wh 
ite 
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D PD ( 
18 15 L( ( 
28 »() 13 ( 
24 
» hand 14 
» 10) 5 
19 20 ( 
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14 
13 290) 
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|_| 
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165 
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| 
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| 
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: NS 
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sa 
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when the 


dose was doubled, the al- 


ready noted effects became accentu- 
ited. Nitrogen retention was correlated 


vith a rising blood urea nitrogen, and 


lecreasing creatinine, inulin and PAHA 


learances. Nitrogen and phosphate 


Miller and Ford: 
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THE EFFECT -OF 
WITH AMANOZINI 


CHRONIC THERAPY 
(W-1191-2) (Tables 
2 and 3). Ten patients, when given 150 
mg. of amanozine twice daily over a 
period of 21 


days, demonstrated a 


slight to moderate increase in blood 


Effect on “Water-Retaining Women” 
Of W-1191 Orally 


100 


Na Excretion 
mEq/24 hes 


150 


300 mgm 


4 
Excretion 
L/24 hes 
24 
158 
156 
Weight 
54] 
1524] 
150 
123456789 
Days 
Fi The effect of oral amanozine (W-1191-2) on “water-retaining’” women. 


ention did not persist following the 
sation of drug therapy and blood 
i nitrogen began to decrease. Body 
ight was not significantly altered 


ring the period of this study but was 
thtly decreased. 


Creatinine and PSP 
significantly after 21 
days on the drug. Blood urea nitrogen 
levels returned to normal control levels 
within 3 weeks after the drug was dis- 
continued, Albumin and casts appeared 


urea nitrogen. 
clearances fell 


ells 
| 
( 
| 

PI 
| 

174 

184 

128 

132 ‘ 
2 154 
|-2 
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in the urine of only one patient whose “water-retaining§ women were given 
control urine had been normal. Stand- 150 mg. of amanozine, a moderate in 
ing blood pressures and body weights. crease in 24-hour urinary sodium ex 
were slightly decreased during chronic — cretion was observed. The contempor 
drug therapy. Excessive thirst was the ary water diuresis was marked, with 
most common complaint, noted in 4 an average increase in urinary excre 
STRUCTURAL FORMULA OF W-1191-2 
N N 
C HoCL 
N 
2-AMINO-4-ANILINO-1,3,5-TRIAZINE HYDROCHLORIDE 
Fig. 4 Stri \\ 
STRUCTURAL FORMULA 
Chlrazarul 
Fig. 5.—Structural formula of chlorazanil (D 
of the 10 patients. One patient devel tion of liters within 24 hours afte 
oped gripping abdominal pain and _ the drug was given. The average weight 
voluntarily discontinued the drug after loss paralleled the increased urinary 
18 days of therapy. Abdominal pain. flow. Similar, although no greatet 
ceased when the drug was stopped. effects were noted following the ad 


THE EFFECT OF ORALLY ADMINISTERED 
AMANOZINI W-1191-2) oN “WATER- 
RETAINING WOMEN (Fig. 3). When 


ministration of (00 of this 


compound 
The 


Discussion. compound of the 


hic 
it1o) 
ICTE; 
truct 
hlor: 

Phe 
Ctwe 


1 a 
\ 
tll 
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present report is a derivative of formo- 


uanamine designated as amanozine 
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increase in sodium or 


no additional 
water 


excretion and caused severe 


W-1191-2). Chemically, it is 2-amino- gastrointestinal disturbances in nearly 
t-anilino-1.3.5-triazine hydrochloride, every case. Its onset of action is noted 
n analogue of another triazine (chlor- within 2 hours after oral administra- 
inil) whose diuretic properties fol- tion and its duration of action is be- 
owing oral administration have been tween 12 to IS hours. This suggests 
eported elsewhere (Ford et al.'). This — that a twice daily dose schedule would 
iew triazine compound has come to be maximally effective. In humans, the 
r attention because of the problem effect of amanozine on sodium excre- 
DOSE RESPONSE CURVE W-1191-2 
_ 100 
vT 
E 
5 
50 
0 i 
130 300 6U0 mgms 
Chlorazanil and W-1191-2 orally 
lec 2cc 
Meralluride intramuscularly 
st rve ot amanozine \\ 119] 2 as compared with meralluride 
Mercuhvdrin) IM. and chlorazanil Daquin orally 
hich was presented with the investi- tion is slight; it is less than one-third 


tion of chlorazanil, an effective non 


vercurial oral diuretic which was 
und to cause a slight to moderate 
crease in blood urea nitrogen. The 


tructural formulas for amanozine and 
Hlorazanil are shown in Figs. 4 and 5. 
The daily oral diuretic 
1191-2 


tween 150 and 300 mg. per 24 hours. 


dose of 


nanozine (W in humans is 


ses OF BOO mg pel day produced 


meralluride 
given intramuscularly, 
and less potent than chlorazanil orally 
(Fig. 6). 
potent 
When 


basis of 


as potent as 1 ml. of 
( Mercuhydrin 


however, a 
(Table 4). 
potency is estimated on the 

water excretion, 300 mg. of 


Amanozine is, 


“water” diuretic 


this substance caused a greater degree 
of water excretion than was noted fol- 
lowing 600 mg. of oral chlorazanil or 


a 
nar 
id 
+} 
bit 


1) The American Journal of the Medic 
( Mercuhydrin ) 
given intramuscularly. The drug. re- 
effective 
given daily. When used in combina- 
tion with 


2 mi. of meralluride 


mained moderately when 
ganglionic 
blocking agents in the treatment of 
hypertension, it augmented the ortho- 
static hypotensive effect. Clinical and 


laboratory evidence of significant but 


Rauwolfia and 


reversible changes in renal hemody- 
namics and nitrogen balance were de- 


tected after 2 to 3 weeks of chronic 


TABLE 4.—COMPARATIVE POTENCY OF 


DAQUIN), AND MERALLURIDE (MER 
W-1191-2 Chil 
oral 
150 mg 300 meg 300 meg 
Increase 0.15 0.49 0.14 


L./24 hrs 


therapy. Thus, its use in clinical med- 
icine is suggested as a short-term diu- 
retic Ol perhaps on an interrupted 
schedule 

The mechanism of action of amano- 
zine (W-1191-2) is reflected in the 
electrolyte excretion pattern. Thus, aug- 
mented water excretion is associated 
with increased sodium, chloride and bi- 
carbonate excretion. Ammonia and ti- 
tratable acidity are depressed in reverse 
relationship to the forenamed. This 
pattern roughly simulates that noted to 
characterize chlorazanil and suggests, 
as with the former drug, the action of 
yet another diuretic mechanism differ- 
ent from mercurials, carbonic anhy- 


°This effect was reiterated in the marked w 


was given to “water-retaining” women 
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drase_ inhibitors chlorothiazide 
( Diuril 
Conclusions. (W-1191 


is an orally administered nonmercu 


Amanozine 


rial triazine diuretic which behaves as 
a potent “water diuretic” but which 
causes only a slight augmentation of 
sodium excretion 

Following chronic oral administra 
tion, it is associated with laboratory 
evidence of significant but reversible 


depression of renal hemodynamics con 


AMANOZINI W-1191-2), CHLORAZANII 


CUHYDRIN) AS “WATER DIURETICS” 
razanil lurid 
intramuscular 

600 mg ml ml 

0.39 0.14 0.99 


temporary with nitrogen and_ phos- 
phate retention equal to that noted 
following chronic 


to ensue therapy 


with its analogue, chlorazanil. Its use 
in clinical medicine demands caution, 
and suggests its usefulness as a short 
term oral diuretic 

The mechanism of action of amano 
zine (W-1191-2) as reflected in_ its 
electrolyte excretion pattern simulates 
that which characterizes its analogue, 
chlorazanil. Both compounds differ in 
their mechanism of action from organo 
mercurials, carbonic anhydrase inhibi 
tors and chlorothiazide, suggesting vet 
a fourth mode of diuretic behavior. 


ater diuresis which was noted when the drug 
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CAUSE OF DEATH IN PERSONS WITH CONGENITAL HEART DISEASE 


By Rospert F. MArRONbDE, M.D. 


ASSOCIATE CLINICAL PROFESSOR OF MEDICINE 


the Department of Medicine, University of Southern California School of Medicine 
ind the Los Angeles County Hospital Los Angeles, California ) 


fue relatively recent advances in 
irdiac surgery for congenital cardiac 
letects make 


the prognosis of such cases as might 


t desirable to estimate 


be considered for surgical treatment. 
All necropsied cases with congenital 
diac defects that had survived until 
vears of age or older were included 

n this series. A total of 84 such cases 

vere found amongst 13,883 necropsies 


verformed 


veriod at the Los Angeles County 
Hospital 


The majority of the necropsied cases 


over a consecutive 9-vear 


vith congenital heart disease not sur- 
iving until 2 years of age were still- 
orn, or were infants that died within 
few days of birth. Most of the latter 
ere born pre maturely. It was difficult 
iscertain the degree to which the 
rdiac defects contributed to these 
iths. Their 
bviously lower the mean life expec- 


inclusion would then 


ney of the entire group. 
INTERATRIAL SEPTAL  DE- 
rs. Of the $4 cases with congenital 


ISOLATED 


it disease 58 had an isolated inter- 
rial septal defect. Twenty of these 
da defect which measured 0.5 cm. 
more in diameter, while in 8 in- 
neces the defect was of a smaller 
e. In the remaining 30 necropsies 
size of the defect was not given, 
t in the majority of these it was 
ted that the lesion consisted of a 
umen ovale which was _ probably 
ictionally closed during life. 


The mean age at death in those 
ients with an interatrial septal de- 
t over 0.5 cm. in diameter was 53.3 


vears. Table 1 summarizes the causes 
of death in this group. Five of the 20 
had an associated mitral stenosis, and 
therefore, of 
Lutembacher’s syndrome. Three of 


were representative, 


these died of cardiac decompensation 
at the ages of 41, 54, and 65 years. The 
remaining 2 patients with Lutembach- 
ers syndrome died at age 40 and 56 
of Laennec’s cirrhosis and adenocarci- 


TABLE 1—CAUSES OF DEATH IN 20 
CASES WITH AN ISOLATED INTER- 
ATRIAL SEPTAL DEFECT WHICH 
MEASURED OVER 0.5 CM. IN. DI- 
AMETER 


Age Cause of Death 

29 Cardiac decompensation 

63 Glioblastoma, right frontal lobe 

78 Carcinoma of colon with perforation 

80 Old myocardial infarction, coronary 
atherosclerosis 

68 Acute myocardial infarction 

70 Embolism to left internal carotid artery 

56 Acute myocardial infarction 

°43 Ruptured appendix with peritonitis 

54 Adhesive pericarditis, acute rheumatic 
pericarditis 

°65 Hypertensive heart disease with cardiac 

decompensation 

Staphylococcus septicemia 

65 Cardiac decompensation 

30 Pulmonary tuberculosis 

34. ~Bronchiectasis with lung and brain 
abscesses 

Laennec’s cirrhosis 

56 Adenocarcinoma of ovary with 
metastasis 

63 Hypertensive heart disease with cardiac 
decompensation 

58 Constrictive pericarditis; cardiac de- 
compensation 

°41 Cardiac decompensation 


*Cases with associated mitral stenosis 


(41) 


h 
yf 

\ 

ed 
ips 
On 
rt 
its 
ites 
Tile 
1 
ino 
vet 
}.H 


noma of the ovary with metastases 
respectively 
Among the 15 
group, 5 died of 
of these died of cardiac decompensa 
at the of 29. The other 7 died 
of a type of heart disease apparently 


unrelated to the atrial septal detect 


this 
One 


other cases in 


cardiac Causes 


tion 


age 


The causes of death of the 8 pa 
tients that had an interatrial septal 
detect under 0.5 cm. in diameter are 
summarized in Table 2. These causes 
could not be directly attributed to the 
detect in any instance 
rABLI ) CAUSES OF DEATH IN 8 

CASES WITH AN ISOLATED INTER 

ATRIAL DEFECT THAT MEASURED 

LESS THAN 0.5 CM. IN DIAMETER 
\ ( i ti 
7 lomeri nephr 
69 ( f stomach witl iet 
6S ( si ymach witl et 

\ \ rdial infarcti 
04 \ vocardial infarctl 
ul asthma, cor pulm 
platelet throml 
\ vocardial infarcti 
Che 30 necropsies in which no meas 


urement tthe itrial detect 
was given had a mean age at death of 
5.7 vears. The death tor 

are Tables 
these 
attributed 
the congenital defect, ex 
cept possibly in the on 
died of cardiac decompensation at the 
ige of 52. The 
abscess can scarcely be related to para 
doxical] the atrial 
septal detect since in both instances 
the pathologist considered that the de- 
fects had probably been functionally 
closed during life. 


\¢ pt il 


Causes ot 
this group 
yA and 


\ ried 


summarized in 
It Can be 
and 


seen that 
cannot be 


directly to 


patient who 


2 instances of brain 


embolism through 


ISOLATED INTERVENTRICULAR 


EISEN MENGER S$ 


SEPTAI 


DEFECTS AND COMPLEX 


Eleven of the 84 cases with congenital 


lical Sole Tuli 


( ardiac le h 


ventricular pt il 


son dextroposition of the 


thus represented 
plex The mean ag 


Vears 


nts died at a 


in isolated inter 


detect Two had 
iorta. and 
isenmengers com 


at death was 32.1 


relatively 


FABLE 3A CAUSES OF DEATH 3 
CASES OF ISOLATED INTERATRIAI 
WHICH WAS NOT GIVEN BY THI 
NECROPSY SURGEON 

Ae ( f Deat 
5 St vlo 
60 ¢ ral tl 
72 Carcin 
7 Sul } 

10 

62 A 
| 
69 Rupture | 

Car 

67 \ t 
5 Cardi t 
t Staphyl 
67 Rhe 

TABLE 3B.—CAUSES OF DEATH 
CASES OF ISOLATED INTERATRIAI 
WHICH WAS NOT GIVEN BY THI 
NECROPSY SURGEON 
( Deat 
() Br ibs 
50 | n 
ll Bra | 
69 Bre 

68 Br il 
| il 
71 Uy obsti 
$2 ept 
2 Fp iti 
1S Status epilepti 
Cerebral thi lure 
Luetic aortic iency irdi 

compensatiol 

78 Old mvocardi rctio t 
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ung age of noncardiac causes. Both lar septal defect is from the left to 
these were Mongolian idiots, in the right ventricle, but a smaller shunt 
vhom ventricular septal defects are not — in the reverse direction is also present 
' (Handelsman ef al.'). The 2 patients 
Four of this group with isolated in- — with Eisenmenger’s complex died with 
ventricular septal defects died with severe pulmonary atherosclerosis and 
brain abscess. This may have resulted — cardiac decompensation. Pulmonary 

the lack of blood filtration by the — hypertension is important in the de- 
ry pillary bed ( Maronde? velopment of atherosclerosis of the 


in blood shunt which exists in pulmonary arteries. Closure of the 
ersons With an isolated interventricu ventricular septal defect may decrease 
ABLE 4.—CAUSES OF DEATH IN 11 PATIENTS WITH 
INTERVENTRICULAR SEPTAL DEFECTS 
Cause of Death Comment 
Bronchopneumonia Mongolian idiot 
Brain abscess 
Brain abscess 
Cardi decompensation Dextroposition of aorta 
Staphylococcus septicemia 
Brain abscess 
Sarcoma of uterus 
Brain abscess 
Scarlet fever Mongolian idiot 
Cardia decompensation xtroposition of aorta 
Cerebral embolism 
\BLI CAUSES OF DEATH IN 16 CASES WITH COMBINED CONGENITAL 
CARDIAC DEFECTS OR PATENT DUCTUS ARTERIOSUS 
f Death Cardiac Defects 
letralogy of Fallot 
S terial endocarditis Tetralogy of Fallot 
| Dsce Tetralogy of Fallot 
Petralogy of Fallot 
| es Fetralogy of Fallot 
( ‘ pensation IA. and LV. septal defects 
Rheumatic panvalvulitis 
meningitis L.A. and LV. se pt il defects 
( Br hse Single atrium, I.\ septal defect 
| ‘ Single atrium, I.\ septal defect 
S id hemorrhage lransposition of great vessels and L.\ septal 
defect 
ytopenic purpura L.A septal defect pulmonary stenosis 
S bacterial endocarditis Single atrium, rudimentary right ventricle, 
I.V. septal detect 
( n absce Single atrium, rudimentary right ventricle, 
a septal defect 
G r nephritis Patent ductus arteriosus 
Rh tic pancarditis Patent ductus arteriosus 


issecting thoracic aneurysm Patent ductus arteriosus 
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the blood shunt but the decrease in 
the pulmonary hypertension may not 
be marked if considerable pulmonary 
vascular resistance has developed prior 
to the operation. 

PATENT DUCTUS ARTERIOSUS AND COM- 
BINED 


CONGENITAL CARDIAC 


The remaining 16 cases with congenital 


DEFECTS. 


cardiac lesions are summarized in 
Table 5. Five represented the tetralogy 
of Fallot, and a brain abscess was the 
cause of death in 4. These have been 
reported prev iously ( Maronde* 

Three of this group had a_ patent 
ductus arteriosus. The causes of death 
were not cardiac in origin. No conclu- 
sions can be reached from this small 
number of cases. The remaining 8 


cases had various combinations of 
congenital cardiac defects. They died 


at a relatively voung age, some of brain 


July, 1958 


abscesses. Several had defects which 
might have been amenable to correc- 
tion or improvement by present-day 
surgical techniques 

Summary. |. The causes of death of 
84 patients with congenital cardiac 
defects who had survived until 2 vears 


ot a 


age or longer are reported 


Patients with isolated interatrial 
septal defects more often than not die 
of an unrelated cause, even when the 
defect is large. Future evaluation of 
any surgical correction of this defect 
unless cardiac symptoms are present 
would be difficult 

3. The patients w ith an isolated inter 
ventricular septal defect but without 
dextroposition of the aorta, had a cause 
of death unrelated to the defect, ex 
cept for brain absecesses. 
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Le Causa Del Morte In Personas Con Congenite Morbo Cardiac 


1. Es reportate le causas del morte de 84 patientes con congenite morbo 


cardiac qui superviveva usque al etate de 2 annos o plus 


9 


Patientes con isolate defectos de septo interatrial mori in un majoritate del 


casos ab un causa non-relationate, mesmo si le defecto es grande. Le evalutation 


futur del correction chirurgic de iste defecto, excepte in le presentia de symptomas 


cardiac, non pote esser facile. 


3. Le patientes con isolate defecto de septo interventricular sed sin dextero 


position del aorta habeva causas de morte sin relation a ille defecto, excepte in 


casos Con abscessos cerebral. 
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AN EXPLANATION FOR THE CENTROLOBULAR LOCALIZATION OF 


ay INTRAHEPATIC BILE STASIS IN ACUTE LIVER DISEASES 
ol 
By I. N. Dupin, M.D. 
vine PROFESSOR OF PATHOLOGY, WOMAN’S MEDICAL COLLEGE OF PENNSYLVANIA 
AND 
rial 
die Lyste H. Peterson, M.D. 
the \SSOCIATE PROFESSOR OF PHYSIOLOGY AND RESEARCH SURGERY 
a UNIVERSITY OF PENNSYLVANIA SCHOOL OF MEDICINE, PHILADELPHIA, PENNSYLVANIA 
ct 
‘nt ParnoLocists have long known that = must distinguish extrahepatic biliary 
obstruction of the extrahepatic bile obstruction from intrinsic cholestatic 
be} lucts is reflected in the liver lobules by — (“cholangiolitic” ) hepatitis on the basis 
out intrahepatic bile stasis, which is first of liver biopsy specimens (Dubin! ). 
use een around the central veins and then Moreover, this commonage between 
ex preads from the center to the periph- — obstructive and hepatocellular diseases 
ery of the liver lobules in a cumulative has led to the assumption that “ob- 
manner. Furthermore, centrolobular — struction” is the basic mechanism at 
bile stasis is often seen in the acute | work in the various types of cholestatic 
tage of a wide variety of hepatocellular — hepatitis. For example, the hepatitides 
liseases characterized by liver cell fail- caused by such agents as chlorproma- 
kin re in the absence of mechanical ob- zine, organic arsenicals and methyl 
struction to the flow of bile. A partial — testosterone (to name but a few) have 
st of such diseases includes such di- been blamed upon “obstruction” of the 
erse conditions as carbon tetrachlo- — intrahepatic biliary system (Gutman® ). 
le poisoning, leptospirosis, viral hepa- This viewpoint assumes that, because 
titis, and the acute hepatic necrosis of — liver cell necrosis is not prominent in 
oholism. Admittedly, the degree of | such conditions, the intrahepatic bile 
sila trahepatic bile stasis in hepatocellular — stasis must result from intrahepatic 
seases seldom reaches that seen in — obstruction. 
eo mplete obstructive jaundice. This We felt that an examination of the 
lie intitative difference does not, how- dynamics of intrahepatic bile flow 
eas er, detract from the striking fact that would perhaps illuminate this dark and 
h completely different conditions fusty corner of liver pathology. Our 
ini bstructive and nonobstructive liver consideration of the problem has led 
i eases both demonstrate this centro- us to a working hypothesis which ex- 


ular localization of bile plugs. The 
quity of this phenomenon implies 
t the explanation lies in the basic 
hanisms of bile flow. The identifica- 
of these mechanisms concerns both 
physiologist and pathologist. The 
t that intrahepatic bile stasis is seen 
logically in both obstructive and 
obstructive jaundice, creates serious 
iculties for the pathologist who 


plains the centrolobular localization of 
intrahepatic bile stasis in the acute 
stage of both obstructive and nonob- 
structive liver diseases. This hypothe- 
sis is based upon two assumptions, both 
of which are generally accepted. 

The first is that bile flows centri- 
fugally, that is, away from the center 
and toward the periphery of the liver 
lobule (Elias*, Grafflin and Bagley’, 
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ction ol th stilt SS ol 
nnel wall and its surround 


thie Pressure difference 
the inside and the out 


the channel 


prevent motion. All of the forces 
tending to prevent such a motion 
are collectively referred to as “total 
Huid mechanic tl load Phe forces 


which must be overcome by the 


tube wall and its surround 
tiffness” of the structure 


ipli t biliary naali | f length, surrounded 
her) w rate bile into tl hannel. The flow of bile 
nter of the lobule situated at the central vein, C\ to the 

| ed at tl eriphery of the lobule At the entrance to B (1p) 20 
tol flow of bil while it the origin of the canaliculus (1 only 
t sit Phe lar rrow represents thi iount and direction 
| W 

\NNEL LOAD. Motion of liver cells to produce any given 
motion of anv other How of bile may be lumped into 
depends upon the bat } general groups, which we will 
between the torces tending designate as “factors 1, 2 and 3,” 

produce and those tending to respective ly. 
rti of a tube are determined by \ the wdulus of elasticity and 
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tS Phe 
FACTOR 1. Force is required to 
maintain an open passage, that 
is, a patent channel. Conversely, 
then, part of the total load is due 
to the weight and tension of the 
tissues surrounding the channel 
lumen. Little or nothing is known 
of the magnitude of this partic- 
ular component of the total load; 
nevertheless, it 
significant. 


is undoubtedly 


FACTOR 2. All liquids resist shear 
one layer of liquid sliding over 
another, that is, 


sistance is 


flow This re 
due to uid 
The magnitude of 


this resistance to How 


friction 
viscosity ) 
is a ftunc- 
the velocity of the flow, 
the viscosity of the liquid and the 
dimensions of the 


tion of 
flow channel 
racTOoR 3. The third component 
of the total 
the force applied in the direction 
to that of the 
this case, the pressure level at the 
orifice of the distal end of the 
that is, in the 
lobular bile duct 
( onsider 


load will consist of 


opposite flow, in 


channel 
next how these forces are 
distributed along the length, |, of the 
channel. The forces tending to close 
the channel (factor 1) are present 
along the entire length of the channel. 
Although we do not know the magni- 
tude and distribution of 
per unit length, it may 
sumed that the load derived from this 
group of forces at any given point will 
be a function of the length of the 
channel beyond that point. Therefore, 
the magnitude of this particular load 
(factor 1) will be greatest at the origin 
of the channel (located at the center 
of the liver lobule) and will gradu- 
ally decrease toward the distal end 
periphery of the lobule). 

As regards the distribution of factor 
2 along the length of the biliary cana- 
liculus, we 


these forces 


be safely as- 


can restrict ourselves to a 
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total 


viscous 


consideration of the 
The total 
be overcome at any given point (other 
factors being constant) will be a func- 
tion of the length of the flow path 
beyond that point. That is to say, fac- 
tor 2 of the total load (like factor 1) 
will be the center of the 
liver lobule and least at the periphery 


of the lobule. 


On the other hand, as regards factor 


viscous et- 


tects. resistance to 


Greatest at 


) 


3. the force applied at the distal end 
of the biliary canaliculus (represented 


by the pressure in the interlobular bile 


duct) will tend to contribute the same 
load along the entire length of the 
channel, that is, factor 3 will tend to 


be identical biliary 


all along the 
canaliculus. 
The sum of factors 1 and 2 can be 
considered as the “intralobular compo 
nent of the total load.” This will be 
greatest at the center of the 
lobule other words 


the cells having to force bile the long 


liver 


(see Fig. 3). In 


est distance must provide the greatest 


force. Factor 3 can be considered as 


the “extralobular component of — the 
total load” and this will have the same 
value all along the length of the biliary 
total 
(comprised of the sum of factors 1, 2 
still be greatest at the 
center and least at the periphery of 
the liver lobule. The cells at the center 
of the lobule will have to do the most 


canaliculus. 


However. the load 


and 3) will 


work to propel the bile along the 
biliary tree (see Fig. 3 

The cardiovascular system provides 
a useful analogy of the situation in the 
biliary system. ‘The load of the entiré 
referred back t 
the heart, that is, the heart must pro 


vascular system is 
vide the energy which is dissipated 
over the entire flow path. If othe 
hearts were distributed along the Sys 
tem the central heart would still be 
required to do a 


relatively greate) 


| 
| 
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1, —( parison of conditions in the normal liver, obstructive jaundice and hepatocellular 
regard to the critical load level of the liver cells and the total load upon these 
vide distance from the center (1 to the periphery (l},) of the liver lobule. 
n the Ff bsti tive jaundice the intralobular load (IL and the critical load level (CLL remain 
ntire tivel ial, but there is a sharp increase in the extralobular load (EL;). The latter 
es an increase in the total load {TL,), but the slope of the curve of total load remains the 
k te 
Consequently, when the total load exceeds the critical load level this occurs first at the 
pro nter of the lobule 
yatec In hepatocellular diseases the total load (TLz) remains relatively normal in magnitude and 
othe pe of curve However, the critical load level is sharply reduced (CLL), that is, the ability 
ave t the damaged liver cells to put out bile is greatly decreased. When the diminished critical 
ll b id level dr yps below that of the total load, this occurs first at the center of the lobule. 
‘eate 
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thre lobule ( \] 


intralobular and extra 
ponents of the total load 


newhat altered, they will 1 


ely normal. Therefore, the 
and the slope ot its 
tlso remain relatively non 
the total load will still be 
thre enter and least at the 
the lobule Consequently 
ritical load level is 
pally throughout — the 
this diminished critical 
RF falls below the 
total load (TI this will 
the center of the lobule 
iS, hepatocellular lis 
ilure otf liver cells to put 
first in the center of the 
in turn is reflected 
vile stasis, which is 
tologically. Thus, even 


ol intrahepatic obstruc 
hepatocellular dliseases 
centrolobular bile stasis 
| of the differential 
ithin the liver lobule 
her the load is increased 
tructive jaundice or the 
level of the liver cells is 
impairment of liver cells 
liseases failure of 
rs first in the centro 
nad this is manifested by 
centrolobular bile stasis 
bile stasis is more sever 
jaundice presumably 
itlets are blocked In 
r diseases the outlets still 
nd some bile flow occurs 
lls that are still funetion 


iore. because liver plates 


torn open ind bile can escape into 
blood lvmph 

When we examine the problem of 
the pathogenesis of bil stasis om 
cholestatic cholangiolitic hepatitis 
in the light of the foregoing discussion 
it appears altogether likely that the 
various forms of cholestatic hepatitis 
are not necessarily caused by intra 
hepatic obstruction but may well be 
the result of liver cell failure. Failure 
of the liver cell as secretory organ 
can occur without marked necrosis. In 
deed selective impairment of the secre 
tory mechanism is pin pointed in 
chronic idiopathic jaundice, a tamilial 
defect with no hepatocellular hecrosis 
whatsoever Dubin Furthermore 
not all functions of the liver cell need 
be simultaneously or uniformly im 
paired in anv given he patocellulan dlis 
ease. Again, the combination of impai 
ments of specifi hepatocellular 
tions may well differ from one typ 
of hepatocellular disease to another 
and these different combinations ol 
malfunctions undoubtedly are reflected 
in different structural alterations within 
the cell Some ot these structural 
changes will be gross enough to be 
visible with ordinary light microscopy 
while others would require electron 
INICTOSCOP\ to demonstrate them. It is 
conceivable, therefore, that 
forms of acquired liver cell damage 
there mav be only mild necrosis but 
sufficient impairment. of the secretory 
mechanism to produce the histologic 
and clinical picture ol cholestatic he par 
titis. And this can occur without the 
existence ol intrahepatic biliary ob 
struction 


biliary canaliculi are Summary. This paper presents an 
‘ not o rs ll acute hepa ( lar diseases Obviously. if 

ipletely lost its ability to remove bilirubin from the serum, no_ bile will 
erhaps this is what happens in yellov \] intracanalicular bil 
by into blood and lvmph by wav reated in canaliculi by 
Phe eneral problem of the pat] enet echanisms of jaundice 
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hypoth sis to explain the centrolobular their. critical load level. This failure 


localization of intrahepatic bile stasis occurs in obstructive jaundice because 


in the acute phase of both obstructive — the total load upon the liver cells is 
and he patocellulan liver diseases. This increased: it occurs 1n hepatocellular 
hypothesis IS based upon a considera diseases because th critical load level 
tion of the dynamics of bile flow with of the liver cells (their ability to work ) 


in the liver lobule. Our considerations is diminished. In either case, because 
indicate that l the total fluid — there is a differential in total load with 
mechanical load upon the liver cells — in the liver lobule, failure of bile secre 
tends to be greatest at the center and — tion first occurs in the centrolobulat 
least at the periphery of the liver zone. This is manifested histologically 
lobule, and (2) the liver cells can re by centrolobular bile stasis. Our hy- 


spond to an increased load with an pothesis indicates that cholestatic 


increased energy output that tends to “cholangiolitic’ ) hepatitis need not 
maintain bile flow, until some “critical necessarily result) from intrahepatic 
load level” is reached. Failure of bile — biliary obstruction, as is commonly as 
secretion is brought about when the = sumed, but may well be the result of 


total load upon the liver cells exceeds failure of the liver cell itself 
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Studios Relative Al Capacitate Diffusori Del Pulmon 
1. Un Technica Simplificate Pro Le Retention Del Halito A Monoxydo 
De Carbon 


Es describite un modification del test a retention de halito con monoxydo de 
carbon pro mesurar le capacitate diffusori del pulmon. Nitrogeno es usate in 
loco de helium como gas indicatori. Es discutite le importantia del relation 
inverse inter diffusion de CO e tension alveolar de O.. A un tension de O. de 
300 mm de Hg, le normal valor medie del diffusion de monoxvdo de carbon in le 
pulmones es 16 ml per minuta per mm de Hg. 
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lure recent development of more 
recise methods of blood gas analysis 
Riley, Proemmel and Franke") and 
ie availability of rapid gas analyzers 
ive made possib le the clinical determi- 
ition of pulmonary diffusion capacity. 
he descriptive term “alveolar c: apil- 
rv block’ Austrian et al.') is widely 
ed in characterizing the altered pul- 
onary physiology ot certain patho- 
ric conditions of the lung. The diffu- 
n capacity is now regarded as one 

the two “really useful” tests! 
nong the many available for apprais- 

lung function 
Forster et al.°, Marks et al.™, and 
have recently com- 
red several diffusion capi acity tests. 
e carbon monoxide breathholding 
hnique is the simplest to perform. 
\is paper will describe a modification 
the breathholding technique which 
v be carried out by chemical analy- 


ites and Pearce? 


of air samples when electronic 
iipment is not available. Gas analyz- 
and a multichannel recorder add 


to the simplicity and accuré To of the 
test and, therefore, the de scription will 
be confined to the latter procedure. 


Methods. The carbon monoxide breath- 
holding test for diffusion « apacity is based on 
the diffusion of a measured amount of CO 
from the alveolar air into the pulmonary 
capillary red cell hemoglobin during a_pe- 
riod of approximately 10 seconds. This test, 
first described by August and Marie Krogh!” 
in 1910, recently has been improved by 
Forster et al.7.5. The latter uses a 10% con- 
centration of helium in the inspired gas to 
calculate the initial CO concentration of the 
alveolar sample. Since the residual volume 
must be determined in order to calculate the 
alveolar volume which is used in Krogh’s 
equation, our modification is adopted to be 
carried out immediately following the com- 
pletion of the open circuit functional residual 
capacity test. Nitrogen concentration is used 
instead of helium to determine the dilution 
ot CO. 

The open circuit method for determining 
functional residual capacity has been previous- 
ly described (Curtis, Emanuel and Rasmussen‘, 
and Darling, Cournand and Richards®). At 
the completion of the 7-minute nitrogen 
washout test the patient is continued on 
100% Oz, and requested to take several maxi- 
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Results. Clinical results of this test 
re Given detail in the second article 
t th eri It will be noted that the 
nal diffusion capacity for carbon 
T by this method is 16 ml. pe 


thi 


his value is approni 
normal value obtained 
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following advantages: (1) Nitrogen is 
a physiologic gas and is available in 

air at the 
for the test 
tration 1s rapidly and accurately de 
termined 


room concentration 


) 


neces 


Sar Nitrogen concen 


electronic nitrogen 


Scholander 


by 


meter or by the micro 


Ogilvie et using helium as the analyzer. The chemical analysis for 
ition indicator gas. The difference helium is laborious. the katharometet 
due to the oxvgen tension in the tor measuring helium concentration is 
veoli at tl moment the test is pel sensitive to the respiratory gases neces 
1 With the patient breathing sitating further analysis correc 
r the alveolar tension of O tions, the mass spectrometer is pres 
pp tely 100 mm. He. When — ently very expensive. 
norm ungs are filled with oxy Summary. modification of the 
one breath of inspired FOOT all carbon monoxide breathholding tech 
ults i n alveolar O, tension of ap nique for measuring the diffusion 
rate OO mm. He Roughton"' capacity of the ling has been de 
ter, Fowler and Bates*, Kruhofler! scribed. Nitrogen is used instead of 
cle Forster’ and Ogilvie et helium as the indicator gas. The im 
have shown the inverse relation portance of the inverse relationship 
up betwe CO. diffusion and O between CO diffusion and alveolar O 
n. At the alveolar O. tension tension is discussed. At O. tension of 
of 300 mm. He there is no sig 300 mm. Hg the average normal value 
I nt difference between the results for carbon monoxide diffusion in the 
ne heli r nitrogen as the indi lungs is 16 ml per min. per mm. Hg. 
tol use of nitrogen has the 
f ving example ig. 1) illustrates our method of calculating D,, in a 
lescribed by Forster® using the equation of Krogh; all gas volumes indi 
| reduced to standard temperature and pressure and corrected for 
\ Guo alveolar COV 
) Ln 
4 in ( Final expired 
of Breathholding ilveolar CO 
\ Inspired volume Residual volume 
s ippropriate data from Fig. 1 after reduction to standard conditions we have 
\ 1125 ml 1870 mil 
I 12.8 seconds 
B-4 744 mm. Hg mm. Hg) =697 mm. Hyg 
Init Kp eolar COS, is obtained by calculating the dilution factor of No by the residual 
CQO concentration is diluted to the same extent as the N \ correction of No in the 
rmined before initiating the Deo test 
initial expired alveolar CO@ follows Krogh’s terminology He actually 


lding Forster's method deter 
tN 


pired alveolar CO® by obtaining a small sample of the patient's alveolar 


mines this factor by dilution of He and om 


| 
uitely half 
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N in 
R\ 
(' oO ( before test XR 
eolar N alveolar N Alveolar volume 9 
] 1125 ml 
0.6 
ml 
(‘ Orrec ted expire 
& xpired alveolar N 
COW / Inspired N Inspired CO 
foom air N ispired CQO 
Ins iN Room air N R Ins] 
79 
78.7 
100 
n 96) into (5 we hay 
In xpired 35.6! 
O.S85 0.271 
| lar 78.7 
Final expired alveolar COC; =0.177 
his value is read directly from Fig. 1 and in this example has been corrected for nonline tv of 
the CO analyzer from a standard curve prepared with known CO concentrations 
Su ng (2a ; } 5 ind (6) in equation (1) we ha Fre 
1870 ml 60 0.271 
Ln 
697 mm. He 12.3 seconds O.177 = 
14.6 ml. min. mm. H | 
des 
hole 
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Ture preceding article of this series 
lescribes a simplified breath 
holding te hnique for determining the 

irbon monoxide diffusion capacity of 
the lungs. This modification uses nitro- 
en as the dilution indicator gas rather 
than helium. Advantages of this meth- 
rd are |) The procedure is accom- 
lished in a_ steady state period di- 
ctly after determining the functional 
esidual capacity by the open circuit 


) 


technique \ graphic record of 
itrogen concentration, carbon mon- 
side concentrations, volumes and 
me are made available on one record 
analysis and comparison. (3) 
Nitrogen, a physiologic gas, is readily 
tilable at the desired concentration 
room air and is easily analyzed by 
electronic nitrogen meter or by the 
holander microanalyzer. This paper 
ill deseribe the clinical results of dif- 
sion capacity tests using this tech- 
que. Comparisons will be made also 
ith the breathholding method of 
ster et using helium. 


Material and Methods. Normal males be- 
tween the ages of 26 years and 61 years 
(average 36 years) were selected as controls 
Male patients in various stages of pulmonary 
tuberculosis were studied; many of these 
underwent pulmonary resection tor removal 
of their major disease. In addition, patients 
referred for evaluation of pulmonary func- 
tion with the following diagnoses were in- 
vestigated: advanced emphysema, farmer's 
lung, silicosis and sarcoidosis. The vital sta- 
tistics for these groups are shown in Table 
1 and the number of patients in each group 
appears in the second and sixth columns of 
Table 2. 

Each patient received chest roentgeno- 
grams and a battery of pulmonary function 
tests to evaluate the pulmonary status. The 
vital capac itv and maximum breathing Ca- 
pacity were performed according to the meth- 
ods of Baldwin, Cournand and_ Richards! 
The timed vital capacity was determined by 
our method?, for 1, 2 and 3° seconds, but 
only the 2 second is reported here. The 
single breath O. test was done by our modi- 
fication of the method® described by Comroe 
and Fowler? and the values for the terminal 
500 ml. (Curtis and Rasmussen®) also were 
reported, A number of patients received 
bronchospirometry with bilateral diffusion 
determinations, cardiac catheterization, oxi- 
meter studies and arterial blood gas analysis 
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ARY DIFFUSION CAPACITY STUDIES yo 
Kruhofter'= has been added to the 
graph for comparison. He obtained 


this by an isotopic method which gives 
somewhat higher values probably die 
in part to an unsteady state produced 
by rapid deep breathing. The inverse 


relationship between the diffusion ca 


pacity for carbon monoxide and O 
tension has been shown by Roughton'' 
and others Cander and Forste1 
Forster et al” and Kruhoffer'?) to be 


DIFFUSION ON 101 PATIENTS 
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Pat Rar 
10 112 25.9 14.5 30.1 
40) ? 120 22 21.1-23 
2.4 104 14.6 28.1 
14.7 12 104 16.0 $.2-26.7 
19.6 105 14.4 21 
11.5 4 102 IS.6 13.2—-24.1 
21.8 7 106 24.0 13.4-29.8 


due to competition for the hemoglobin 
molecule by CO and O. 

Examination of Table 2 shows that 
patients selected in the groups with 
far advanced tuberculosis, advanced 
emphysema, farmer's lung and silicosis 
have reduced carbon monoxide diffu 
sion capacities. Several of the severe 
sarcoid patients also had low values 
for diffusion, while those patients with 
little of 
normal. Figure 2 illustrates results ob- 


tained in patients tested with both the 


destruction lung tissue were 


helium and nitrogen methods at low 
and medium O. tension respectively. lt 
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Bel Carbon monoxide diffusion by nitrogen method at 
increased alveolar oxygen tension. 


Carbon monoxide diffusion by helium method at 
normal alveolar oxygen tension. 


Numerals above bars indicate number of patients receiving both tests. 
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is seen that the nitrogen technique 
vields results consistent with the helium 


method, but lower, because of the 
differences in Os tensions in the 2 
procedures 

Discussion. Forty-four vears ago 


Marie Krogh" w rote. “What concerns 


us 18 not the 


through al 


exact figure for diffusion 
certain membrane, but the 
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and heterogeneous, especially in  dis- 
eased lungs complicated with emphy- 
sema. Review of the patients with ab- 
function in Table 1 
that significant 
emphysema. Figure 3 shows that the 
higher the ratio of RV/TLC the more 
elevated the O. tension becomes under 


normal included 


showed manv have 


the conditions of this method. Our ex- 


SCATTERGRAM SHOWING CORRELATION OF RV/TLC & ALVEOLAR p O2 


rS0+7SD-> 
> 
75 
653 
55 4 e ° 
o> 9’ 
oO 
ail ° 
35; Pd 
~ 
Se (---* ONE STANDARD 
253 DEVIATION 
15 


conditions determining the supply of 
blood.” Recently efforts 
have been made to compartment ditku- 


xvgen to the 
sion by calculating the diffusion ca- 
vacity of the alveolar capillary mem- 
brane (Dm) and the pulmonary capil- 
irvy blood volume (Vc) (Forster et 


Rankin, McNeill Forster!® 
ind Roughton and Forster’). It must 


and 


ve emphasized that the parameters of 


uulmonary diffusion are numerous 
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big. 


perience using nitrogen as the indicator 
that at the higher O, 
tensions (in range of 600 mm. Hg) 


gas suggests 
considerable error may be introduced 
by uneven distribution of gases in pa- 
tients with advanced emphysema. 
Krogh" also recognized that an in- 
crease in hemoglobin concentration or 
oxygen carrying capacity of the blood 
will improve the value for diffusion. 
\t high O, tensions the blood compo- 
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Curtis et al PULMIONARY DIFFUSION APACITY STUDIES (5 
\I ve studies now are under tion of carbon monoxide by the resid 
bronchospirometry to obtain ual volume \t oxvgen tensions in the 
Hitt pacities tor each lung average range of 300 mm. Hg the mean 
arate normal diffusion capacity for carbon 
he basis of the diffusion monoxide is 16 ml. per min. per mm. 
din this report it would) Hg with a range of 11.0 to 19.8 mi. 
yp that the modified breathhold per min. per mm. Hg. The role of 
provides reliable oxvgen tension in modiftving diffusion 
PABLI VIONARY FUNCTION DATA AND DIFFUSION CAPACTTY FOR CARBON 
VIONOXIDE ON 6 PATIENTS WITH FAR ADVANCED PULMONARY TUBERCULOSIS 
BEFORE AND AFTER PNEUMONECTOMY 
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THE EFFECT OF FEVER AND CORTICOTROPIN ON THE IN VIVO 
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Parients with febrile illnesses fre Bergenstal et al it a time interval 
tly suffer from weight loss out of | following the stimulus different from 
portion to that expected) from that which occurred when in- 
lon The discovery that creased urinary nitrogen tollowed 
nitrogen excretion increased — trauma ( Engel 
febrile illness was followed by Efforts to correct the toxic loss of 
ncept that such increased urinary protein through the use of high calorie 
resulted from a toxic destruc dietary supplements were unsuccessful 
protem Barr and DuBois! Peters’? and Vanltallie et al.” un 
Cuthbertson and Tompsett'*, Grossman — less dietary supplementation was much 
Howard Moore and Ball?, greater than the calculated caloric 
Shaffer and Coleman? Not only — deficit (Brunschwig, Clark and Corbin 
| IInesses associated with acute and Mulholland ef al 
tion but burns Croft and The early studies patients with 
Pete radiation (Halland Whipple** infection (Barr and DuBois! and 
Painter et nitrogen mustard Shaffer and Coleman'' indicated that 
ett et al surgery (Moore and — during febrile relapse the nitrogen loss 
ther traumata (Howard was not so great as during the initial 
ilso. ore lted in an increased attack, and that dietary supplementa- 
| nitrogen excretion tion during a relapse (that is, in a 
the clinical ACTH conferences of — chronically ill patient) was partially to 
1952 there were many re- totally effective in maintaining nitro 
delineating the eflect of the gen balance. Other workers (Browne 
| cortex on the nitrogen loss Schenker and Stevens i‘ and Moore 
panving stress reactions. In the and Ball cmphus zed the lessened 
t these conferences a very rough — nitrogen loss after trauma in the poorly 
tion was found between nitro- nourished as compared to the well 
fter trauma and heightened nourished individual, giving — clini- 
corte tivity (Browne et ical corroboration to studies in the 
In the second conference were rat (Munro and  Cuthbertson*' ) 
ted data showing that the ad Furthermore, the magnitude of the 
tion of ACTH or cortisone was nitrogen excretion was crudely related 
| by increased urinary nitrogen to the size of the stress; thus patients 
N County Hospital, Department of Medicine, University of Washington 
S Seatt Washington 
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losses those with a surgical 
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there was a greater loss than following 
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urinary nitrogen rise Bergenstal 


al 


who failed to show the expected uri 


Conversely, certain individuals 


nary glucocorticoid rise after trauma did 


al 


herniorrhaphy (Howard**). In general, not have a rise in urinary nitrogen 
less extensive surgery) was accom though this was not an invariable find 
panied by smaller nitrogen losses than — ing ( Browne ef al Finally, the deg 
more extensive surgerv (Moore and radation rate of iodinated albumir 
Ball*- was shown to be unaffected by 40 me 
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Fig. ] Thirty-six-day study of I ibumin turnover in a patien hr 
nvelocyvtic leukemia In the lower part of the figure is shown \ ntake tilerke 
gents. In the middk part of the figure is the aver ily temy t sh 
upper part of the figure is the daily I albumin degradation rate for the sti ise, NJ 
The upper limit of the unshaded area is the average degradation rat \ ilbi 
preparation iiministered at the same time to i patient witl hroni p! vtl eukemia 
to a control sul ject 
In similar fashion the nitrogen loss daily of prednisone whereas 1000 

following ACTH administration was of prednison doubled the degradat 
correlated with the ACTH dosage: 40 rate (Steinfeld and Watkin" 


meg. daily for 5 davs showed essentially 
no ettect 

Forsham et al.** 
days was accompanied by a 


on nitrogen excretion 
50 mg. daily for 5 
urinary nitrogen rise and 70 mg. daily 


for 10 days resulted in an 8- to 10-gm 


Since serum albumin has been 
ported to decline following fev 
trauma and other stress states (Cutl 
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itions in the serum alpha globulin 
| fibrinogen, it seemed a not un 


inference to place albumin 


mio the protems that participate 
toxic destruction” following stress. 
phasis. however, must be directed 
the conflicting re ports the litera 
e on the decline of serum albumin 
stress. Moore and Ball’s** proto 


lo not support such a fall in serum 
nin. Peter's is selective and 
Cuthbertson and lompsett s series had 

6 Cases Our own experience 1s 
onsistent n this point either, 


some patients had an immediate 
n albumin concentration while 
rs did not. While in general, serum 


nm concentration reflects total 


bumit there is not a pertect 
ti so that changes in plasma 
hydration might well ac 

nt for differ CCS observed. 


lhe present attention to the behavior 


linated human serum albumin 


IHSA) during stress is the result of 
erience with patient N.E., a 36-year 
woman in a “blastic crisis’ of 
hronic mveloeytic leukemia (Fig. 1). 
During a febrile period accompanying 
Pseudomonas aeruginosa septicemia, 
itient’s degradation rate of LIHSA 

\ twice that obtained at the same 


with the same iodinated albumin 
tration in 2 control patients. The 
tion of Meticorten in increasing 

idded further to the accelerated 


} 


olism of the iodinated albumin. 
in attempt to define the separate 
fever and corticosteroids on 
ie degradation rate of albumin the 
esent study was undertaken 


lat Methods Phe dinated human serum 
IHSA) used in these experiments 

1 by thod which has been 
hieve labeled protein of relatively 
etabolic activity with a_ biologic 
Cul if in the normal adult of about 17 
it lay Steinfeld et al. Patients at the 
vat Cancer Institute, who were in a 


il status were selected (Table 1) 


Several patients had lost weight prior to 
the period of study. IHSA was delivered 
intravenously via calibrated syringes. Urine 
was collected) in 24-hour pools into jars 
containing a basic iodide carrier solution 
Blood specimens were obtained daily or 3 
tines weekly throughout the study. All 
radioactivity assays were performed using a 
Thallium activated sodium iodide scintillation 
well counter. Calculations were performed 
as follows 


Per cent degraded per day 


Fraction of the injected radioactivity in 
a 24-hour urine specimen 


Average fraction of the injected dos« 
remaining in the body during that 24 
hour period 


where the fraction of the injected radioactiv- 
itv in a 24-hour urine specimen 
Total counts injected 


urine spe clnen 


Fotal counts injected 
and the average fraction of the administered 
dose remaining in the body during that 24 
hours 1.00 minus the average of the cumu 
lative daily fractions of the injected 
dose excreted at the beginning and 
end of the day in question 


All radioactive specimens were counted to 
within 14% standard deviation in duplicate 
igainst appropriate standards. Known losses 
of urine occurred 3 times during the entire 
study and corrections based on daily crea 
tinine excretions were applied. Patient |.O 
vomited on 5 days; the vomitus was saved 
and the radioactivity of the vomitus was 
added to the urine radioactivity for that day 

A systematic error in the cumulative pet 
cent excretion would seriously affect the 
per cent metabolized per day ‘as calculated 
above. This was searched for by examination 
of the shape of the curve defined by the 
ratio of the fraction of the administered dose 
in 1 ml. of plasma divided by the fraction 
of administered dose remaining in the body 
Ideally, this should come to a constant value 
if a systematic error did not occur (Berson 
et al.4), In Fig. 2, a representative graph 
of a control patient ].D. illustrates that no 
such regular error entered our data. In Fig. 
2, Curve B is a plot of the fraction of the 
administered dose in 1 ml. of plasma as a 
function of time. LHSA is presumed to have 
achieved a steady state in its distribution 
throughout the body when Curve B becomes 
linear. This implies that degradation of the 
IHSA proceeds by the equation A A,e-t 
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\ vant of THSA in 1 ml. of 100,000,000 organisms per ml. Doses varied 
it any time, t; Aj, the initial between 25,000,000 and 200,000,000 organ- 
nt in 1 ml. of plasma (as extrapolated isms per day. Fever was not induced until 
the sti ht line portion of the curve to — such time as distribution of the THSA was 
rT the che gradation constant; completed through the body compartments 
The initially more rapid decline (Berson et al.*4); this was determined by 
B betore it becomes linear is taken inspection of the plasma and_ distribution 
of the degradation and curves, assuming distribution to be com- 
ther body compartments pleted when the straight line function on 

\ vs the per cent of ITHSA rr semilog paper appeared 
t body as a function of time Fever in patient C.]. (Hodgkin's disease ) 
ubtracting the cumula was not induced, but appeared spontaneosly 


EGRADATION AND DISTRIBUTION OF 1'5' ALBUMIN 
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Gray presentation of results of a typical study \ is a semilog plot of the pel 
the inject albumin remaining in the body at any time. B is a semilog plot of 
( the fraction of the injected ['8! albumin in a ml. of plasma. C is the 
{f B to A, called the distribution curve (see discussion in text and reference 4) 
ily per cent of the radioactivity ex- Physical examination, roentgenograms and 
lin urine from 100%. Curve C is the ratio bacteriologic studies of the blood, urine and 
er A. Should urine collections be in- throat failed to reveal a specific febrile patho- 
ete B would decline faster than A, gen; an asymptomatic carrier state with 
would slowly decrease. A constant Salmonella tennessee (C;) was present 
for C implies that loss from the plasma throughout the study. 
s from the body proceed at the same Daily fever units are defined as the number 
wouid be expected in a steady state. of degrees above 38° C. multiplied by 2 and 
confirmation of the completeness of | by the number of hours elevated (tempera- 
rine collection tures taken hourly rectally). In patient J.O. 
> patients fever was induced by the — the base line temperature was close to 36° C., 


venous injection of typhoid H antigen, and his fever units were calculated with 
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tevel 
EFFECT OF SLIGHT TO MODERATE FEBRILE RESPONSE AND MODERATE } 
TO LARGE DOSES OF ACTH ON |'3! ALBUMIN DEGRADATION RATE who 
T T T T T T T T Che 
imMot 
7 the 
day 
VL the d 
40mg ga 
VI); 
= ACTH 
< 
a 
Fig. 4 
DAYS tient 
linate 
Fig Degradation rate for I!*! albumin in 2-day periods is shown by shaded areas wit! We! 
the pe! cent of the [HSA degradation on the ordinate Number above shaded areas refe 
to total fever units (see text) for the 2-day period, Days and dosage of ACTH administra 
tion are indicated above the degradation rates for those periods 
() i 
the base line being 37.5° C. rather than urinary collections were terminate: rent 
are reproducible to 20% each 24-hour period. In Figs. 3 and 4 
l rent observers. 
are shown the per cent of de n 
ACTH. Intravenous or intramuscular ACTH th a 
was administered in varying doses daily for graded in) 2-day periods tor patient 
from 2 to 5 days in 5 different patients. ACTH }.R., ].0., and C.B Cast 
administration followed the administration of | and in 4-day periods for patient C.] ceived 
— vaccine in all instances by at least Changes of more than 10% of the cor ttn 
days 
trol degradation rate in the 2-day p patient 
Results. For clarity of presentation riods and 8% in the 4-day periods ar —— 
data on IHSA degradation are given in considered significant. In Fig. 3 are th s of 
terms of 2- and 4-day periods although data on 5 patients who developed t see 
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tever following typhoid H antigen and patient samples from 24-hour urine 


vho subsequently received ACTH. collections were obtained for nitrogen 
The amount of tever produced and the and hydroxycorticoid determinations 
mount of ACTH given varied among during control and experimental pe- 
he patients both in the amounts per — riods. All patients responded to both 
lay and in the number of days such fever and ACTH with increased nitro- 
timuli were received. ACTH affected gen excretion; the urinary corticoids 


the degradation rate of IHSA in patient were significantly increased above the 


EFFECT OF PROLONGED FEVER IN A PATIENT WITH HODGKIN'S DISEASE 
ON THE DEGRADATION RATE OF |'5! HSA 


22 7 
54 | 2 aC 


THE EFFECT OF REPEATED COURSES OF ACTH ON 
THE DEGRADATION RATE OF |'9' HSA 


t i } t 
8 4 & 30 

DAYS 
i—Upper part of figure: Degradation rate for I'8! albumin in 4-day periods for a 
nt with spontaneous fever of Hodgkin's disease. Degradation rate in per cent is on 
Numbers above shaded areas represent total fever units for the 4-day period 
part of figure Degradation rate of I'! albumin in 2-day periods in a patient who 


received 2 courses of ACTH. 


. and A.H., with little effect ap- control values following the ACTH, 
rent on IHSA degradation in the but not during the febrile periods. 
ier patients The data on IHSA degradation from 
in Fig. 4 are data on C.J., a patient 5 of the 7 patients are re-plotted in 
th a Pel-Ebstein fever of Hodgkin’s Figs. 5 and 6 where only the degrada- 
ease and C.B., a patient who re-_ tion rates on days of and relevant to 
ved a 5-day and, later, a 4-day, the experimental periods are charted. 
rse of ACTH. Both the fever in the The numerals below the bar graph 
tient with Hodgkin's disease and the _ refer to the days after the injection of 
rse of ACTH were accompanied by the IHSA on which the average is 
s of IHSA degradation greater than based. The numerals above the bar 
t seen in control individuals. In each graph represent the average daily 
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wad slight differences in this regard 
Steinfeld et al. Not infrequently a 


ind 


Control periods beginning sev daily variation in the metabolic rate 
with time was noted ( Fig. 7): however 
‘xpression of the data as in Fig. 2 re 
5! HSA DEGRADATION RATE DURING CONTROL AND 
FEBRILE PERIODS AND DURING ACTH ADMINISTRATION 
conrrot 
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Bar graph presentation of changes in IHSA degradation sul sient to fever inducti 


ACTH administration 


davs of the study were used for com 


parison with the experimental periods. 
Although the preparation of [HSA 
used in this study was usually degraded 


at a constant rate after administration 


to man when the data are plotted as 
Fig 


9 


the 


various 


lots 


used 


sults in smoothing out of small dai 
irregularities. It was, therefore, decid 
to compare a febrile or ACTH peric 
with the control pe riod just precedit u 
and just following the particular stré 
rather than with an average degrad 
tion rate derived from control perio 
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rects 


bri 
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Orst 24 

IHSA 

ture 

l the 
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oughout th period of the study. 
ice high close s of AC 7 H have effects 
ting more than one dav and a similar 
sists for the metabolic et- 


cts of fever, the day following the 


ssibility « 


brile period of ACTH period Was 
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7 
vivo), the first control period was 
selected beginning between the 3rd and 
5th day, each particular decision being 
based on inspection of the data. 

Only the first control period of J.R. 
was used because of a fever of 38° C. 


DIMINISHING EFFECT ON 1|'*'HSA DEGRADATION OF 
SUCCESSIVE STRESSES WITH ACTH AND FEVER 
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150 
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esentation of effects of successive bouts of fever or successive courses of 
ACTH on degradation rate of ['8! albumin 


tted in computing a control period 
se, Further 
rates are frequently noted in the 


since high degrada- 


irst 24 to 96 hours after injection of 
IHSA (presumably related to partially 
tured proteins during manufacture 
their more rapid degradation in 


which occurred spontaneously between 
his induced febrile and his ACTH 
period. Only the first 3 febrile periods 
in C.J]. were plotted because of a de- 
clining IHSA degradation rate after a 
prolonged stress. 

Because of technical difficulties the 


] 
da 
C1¢ 
7 
di 
stre 
Tall 
ri 


i4 Thi 


tebrile periods of D.L. and H.M. were 
compared only to a preceding control 
period rather than to a preceding and 
succeeding one, even though this may 
have obscured an effect of the fever 
on the degradation rate should the 


base line rate have been declining 
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less elevation of the IHSA degrada 
tion rate than a first course; similarly 
prolonged fever is seen to be associ 
ated with diminishing effect on the 
rate of I''albumin metabolism, al 
though an early high and_ prolonged 
fever increases the degradation rate. 


VARIATION WITH TIME OF THE 1'°' HSA DAILY 


T T 
| 


DEGRADATION RATE IN A CONTROL PATIENT 
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Fig. 7 Shaded area re presents daily I!31 albumin degradation rate based on urinary excreti 


cle expressed as per cent of I} 


albumin remaining in body 


Subtrac ting umulat 


per cent urinary I'#! excretion from 100 and plotting on semilog paper (Fig. 3A) yields 
single exponential although in fact there may be daily variations either in the body’s metabol 
of [I'81 albumin or in excretion rates of I)8! and others 


during the febrile period (a circum- 
stance which would be detected from 
examination of the subsequent contro] 
period 

In Fig. 5, ACTH is shown to pro- 
duce regularly an elevation in the 
degradation rate of IHSA at the dos- 
ages given. Similarly, the prolonged 
fever of patient ].O. is associated with 
an obvious increased rate of iodinated 
albumin breakdown. 

In Fig. 6, a second course of ACTH 
is demonstrated to be associated with 


In Table 2, control degradation rat 
are presented for febrile and ACTH 
periods of each patient. These con 
trol rates are derived by 
the degradation rates for control pe 
riods immediately before and imme 


ately after either the febrile period 
the ACTH period. The control rates s 
derived are then compared on a pel 


centage basis to the degradation rit 
in the febrile and ACTH period, wit 
successive febrile periods being + 
lected in patients C.]. 


averaging 


and J.O. and 


suc 
per 
tim 
mil] 
dail 
ber 

ilso 


sem 


m 
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latia 
grac 
The 
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wn 
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successive ACTH periods in patient 
C.B. The total fever units in the febrile 
period (the average daily fever unit 
times number of days) and the total 
milligrams of ACTH given (the total 
ACTH times the num- 
ACTH administered) are 
so indicated 


laily dosage ot 


her ot davs 


Figure 8 is a plot on 
emilog paper of the per cent change 
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bumin concentration would permit con- 
version of the fractional turnover rates 
into grams of albumin catabolized or 
synthesized each day, or both, whether 
the patient was in a steady state or 
not. Unfortunately, changes in plasma 
volume subsequent to fever induction 
or ACTH 


with an estimated 10% error in dupli- 


administrations combined 


rABLI KEFFECTS OF FEVER AND ACTH ON IHSA DEGRADATION RATE 
ACTH 
Per Cent I!!! HSA degraded 
' Total Units 
Patients Control, Experimental ACTH Change 

4.2 3.0 600 30.9 
C.B 1.0 0.0 650 25.0 

1.9 6.3 750 28.5 
H.M 3.5 1.4 80 25.7 
\.H 100 Lid 
3.7 160 10.8 
D1 5.8 5.7 80 

FEVER 
Per Cent I'24 HS \ degraded 
Patients Control Experimental Fever Units % Change 

1.4 5.1 76 15.) 
1.0 3.9 1.4 29 12.8 
LR 1.0 1.0 58 0 
A.H 9.4 18 3.8 
1.1 5:2 5.0 0 3.9 
H.M 3.2 3.0 50 6.9 
C.] 1.0 24 9.1 

1.4 4.5 28 

the degradation rate compared to cate albumin determinations made 


control periods against total ACTH 


sage. An increase of the degrada- 
m rate of IHSA with increasing 
CTH dosage is seen; there was no 


lationship between fever units and 
fradation rate on a similar plot. 

lhe data presented refer only to I'*! 
vumin degradation and not to break- 
albumin in terms of 
ims. Daily estimations of serum al- 


wn of body 


data on stable albumin turnover un- 
interpretable. The changes in I'*!al- 
bumin degradation found in this study, 
however, were significant as reflections 
of fractional turnover of total body 
albumin pools. 

Discussion. In patient N.E. (Fig. 1) 
a rapid degradation rate of IHSA might 
have been due to the leukemic process, 
an associated septicemia with fever, or 
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prednisone therapy. The purpose of the 
present investigation was 1) to ascer- 
tain the effects of noninfectious fever 
on the metabolism of albumin and 2} 
ACTH ad- 
ministration upon albumin metabolism. 

Fever induced by typhoid H antigen 


to measure the effect of 


was accompanied by increased rates 
otf IHSA degradation 
larly ACTH administration was accom 
panied by increased [HSA degradation 


(Fig. 5). Simi- 
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erated metabolism. The relationship of 
albumin metabolism to heat produc 
tion has been examined indirectly by 
studying the I'*! albumin degradation 
rates in mammals in a wide range ol 
sizes, and an inverse correlation was 
noted between body size and albumin 
Maurer and Deich 


miller'’), and a direct correlation be 


turnover (Dixon 


albumin turnover and_— heat 
Spector’ 


tween 
production 


RELATIONSHIP BETWEEN ACTH DOSAGE 
AND PERCENT CHANGE JIN HSA 
DEGRADATION RATE 


| J | 
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Fig. 8.—Scattergram log-log paper comparing 
total dosages of ACTH administered to patients 
(Fig. 5 The effect upon albumin 


catabolism may be a result of in 
creased heat production, for elevation 
of heat production with fever has been 
( DuBois?" 

The relationship between heat produc 


carefully documented 
tion of the body and increased nitro 
gen excretion was studied using nitro 
gen balance following thyroxin admin- 
istration (Boothly et These 
studies demonstrated increased _nitro- 


gen excretion associated with an accel- 


changes in I ibumin degradation rate wit 


ROUGHLY line 


elationship 


The increased nitrogen loss follow 
ing elevation of the bodily heat pre 
duction in the absence of a toxic stat 
could b 
compensated, however, by increasin 
the caloric intake to balance the it 
creased caloric expenditure (Boothl 
et al), in contrast to the findings a 


(tactitious hyperthy roidism 


ready cited that nitrogen loss afte: 
trauma is balanced with difficulty, if 

all (Vanlttalie et al.47). Such a “cor 
trollable” nitrogen wasting may repr 
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nt a higher rate of the general level 
nitrogen metabolism in accord with 
( DuBois?” 


i toxic effect on protein 


constant 
ther than 

\s it appear d that nitrogen metabo- 
m following trauma was different 
m that following an increase in heat 


oduction alone the catabolic and 
ibolic 


hases of injurv were ad 


in explanation ( Browne, 


henker and Stevenson! ). Increasing 
owledge of the adrenocorticoid ho 
mes biologic actions and the experi 
ntal demonstration that the adrenal 
inds were not necessary for increased 


rogen excretion to occur following 


na (Ingle, Ward and Kuizenga*’ 
Noble and Toby was in accord 
th the failure to correlate nitrogen 
followin trauma to the appear 
of heightened adrenal activity 

Concepts of (A 
ti-anabolic actions of the adrenocor 
ids, based on demonstrations of 
wth inhibition (Blodgett et al. 


B catabolic actions, based on 
irv nitrogen increases with corti 
e administration to starving ani 

Coaannon 


compatible tissue protein kinetics 


rit 


Frazier and Hughes!” 


simultaneously ad 


] 


ced That both these aspects of 
ti-anabolism and catabolism mav be 


ted simply to an accelerated level 


protein reactions generally was re 


ithy suggested by Geiger=! and 


ms consistent with the lectures by 
oenheimer Nitrogen loss occurs 


t only following trauma and adreno- 


ticoid administration separately, but 
physiologic response to trauma 

be mediated in some measure via 

dre nal 

fforts to further the 


etics of this process have been made 


delineate 
ently The first such studies in 
rned patients using labeled methi- 


ne Blocker et al) and iodine 
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labeled protein ( Blocker et al.) were 
not interpretabl because of methodo 
logical errors. Surgical] patients were 
studied with THSA (Sterling, Lipsky 
and Freedman) and the results sug 
gested an increase in the postoperative 
rate of degradation of the albumin, al 
though unfortunately the data were 
from blood curves exclusively rather 
than with simultaneous examination of 
the radioactivity appearing in the 
urine. A similar study on the effect of 
hydrocortisone on the THSA metabo 
lism using blood radioactivity curves 
alone was suggestive of an accelerated 
breakdown of the labeled 
Blythe et alo 

Phe experimental studies of Yuile 
et al.’ 
scesses showed an acceleration in the 
rate of 


globulin metabolism being unchanged 


protem 


in dogs with turpentine ab 
metabolism of the albumin 


Fever mav affect albumin degrada 
tion indirectly through changes either 
in hepatic blood flow or in the hepatic 
both. Bradley and 


parenchyma 
increased hepatic 


Conan!!! found 
blood flow during pyrogenic reactions 
The increase in blood flow was accom 
panied by diminished Bromsulphalein 


When the 


febrile phase of the pyrogenic reaction 


extraction by the liver. 
to foreign proteins was inhibited by 
antipyretics there was no correspond 
ing effect on Bromsulphalein retention 
That is, in the 
absence of fever, liver blood flow was 


or liver blood How 


nonetheless increased and Bromsulpha 
lein extraction decreased, indicating 
that the effect of foreign protem injec- 
tion on the hepatic parenchyma and 
blood flow was not dependent on the 
fever produced. In the present study 
the increased LHSA degradation may 
have followed suppression of albumin 
svnthesis by the liver (resulting from 
ACTH . however the rate of 


degradation following the stresses ap 


fever or 


plied here is greater than could be 
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accounted for by a feed-back mecha 
nism, operating to keep daily albumin 
degradation constant, despite changes 
in the rate of synthesis. 

In the present study an acceleration 
in the degradation rate of LIHSA occu 
ring with fever and during ACTH 
administration was found. The in 
creased rate of degradation is roughly 
proportional to the size of the ACTH 
stress. The data on repeated fevers and 
on repeated ACTH stimuli (Fig.. 6 
although pointing to the possibility 
that re peated stresses of equal magni 
tude closely related in time to one 
another produced successively lessened 
effects in increasing the rates of metab 
olism of albumin are not considered 
conclusive 

Accelerated breakdown of THSA fol 
lowing fever or ACTH stress does not 
imply catabolism is occurring at the 
expense of anabolism or to the exclu- 
sion of anti-anabolism. Since the iodine 
label is not re-utilized, hydrolysis of 
the peptides containing ‘the iodin 
label would necessarily give rise to ex 
cretion of the tracer, whereas with 
native protein, hydrolysis of the pep- 
tides might be followed by re-utiliza 
tion of the amino acids either in whol 
or in part (Schoenheimer*’). Thus, 
although an increased rate of degrada 
tion occurs, inferences regarding the 
body balance of native proteins can- 


REFE 


l. Barr, D. P., and DuBois, E. F.: Arch 


2. Bergenstal, D. M., Landau, R. L., Kirsner. 


not be drawn. That is, steady state 


may still exist although the exchang: 
rate between compartments may be 
accelerated. The work of Yuile et al. 
however, already cited, shows that it 
his experiments there is indeed a net 
loss to the body of albumin, rathe) 
icceleration of an al 
ready existing steady state. Since the 
arbon-14, this labe 
was available tor re-utilization shoul 


than simply an 


label used WalS 


re-utilization have occurred 

Summary. |. The present concept 
relating to the “toxic” destruction of 
protein are reviewed 

2. An increase in the “in vivo” degra 
dation rate of iodinated human serun 
albumin occurred when the individual 
under study had fever induced follow 
ing typhoid Hl antigen 
3. A spontaneous fever occurring 1 
a patient with Hodgkin's disease wa 
issociated with greater iodinate 
albumin degradation rate than that 
noted when the patient was febrile 

t. An increased rate of iodinated al 
bumin degradation was noted follow 
ing parenteral ACTH. This increas 
was roughly proportional to the amount 
of ACTH administered 

5. Suggestive evidence that are 


fever or repeated courses. ofl 


peated 
ACTH have less effect on increasin 
IHSA degradation than a first corrs 


IS presented 
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SUMAMARIO IN INTERLINGUA 


Le Effecto De Febre E De Corticotropina Super Le Degradation In Vivo De 
Albumina Human, Mesurate Per Medio De lodate Albumina De Sero Human 


l. Es presentate un revista del conception currente de destruction toxic de 
protema 
i 


> 


human quando le individuos studiate habeva febre inducite per antigeno H 
tvph ick 


3. Febre spontanee, occurrente in un patiente con morbo de Hodgkin, essev: 
issociate con plus intense grados de degradation de iodate albumina que lo que 


esseva notate quando le patiente esseva libere de febre 


t. Acceleration del de oradation de iodate albumina esseva notate post adminis 


trationes parenteral de ACTH Iste acceleration esseva ¢rossiermente propor 


tional al quantitate de ACTH administrate 
| 


Ss presentate observationes que pare significar que un repetit febre 


repetite cursos de ACTH ha decrescente effectos augmentatori super le ce orada 


tion de iodate albumina seral human 


SUMMARIO IN INTERLINGUA 


See page 45 for original articl 


Un Explication Pro Le Localisation Centrolobular Del Stase Intrahepatic De 


Bile Que Occurre in Acute Morbos Hepatic 


Iste articulo presenta un hypothes pro explicar le localisation centrolobular 
del intrahepatic stase biliari que occurre in le phase acute de morbos hepati: 
tanto obstructive como etiam hepatocellular Le hypothese se basa sup 
reflexiones relative al dvnamica del fluxo biliari intra le lobulo he patic. Nostr 
observationes indica (1) que le carga mechanic del fluido total in le cellula 


hepatic tende a ager maximalmente al centro e minimalmente al peripheria de 


lobulo h patic e (2) que le cellulas he patic es capace a responder a un augmen 
tate carga per un augmentate rendimento de energia pro le mantenentia ce 
Huxo biliari usque un certe “nivello critic” es attingite Distallimento de 
secretion biliari resulta quando le carga total que age super le cellulas hepatic 
excede le nivello critic de ille carga. Iste disfallimento occurre in jalnessa obstruc 
tive proque le carga total super le cellulas hepatic es augmentate; illo occurre it 
morbos hepatocellular proque le nivello critic del carga in le cellulas hepati 
i.e. lor « pac itate de labor es reducite In ambe casos, le disfallimento de 
secretion biliari occurre primo in le zona centrolobular in consequentia del fact 
que le carga total non es identic in omne partes del lobulo hepatic Isto si 
manifesta histologicamente per le stase centrolobular del bile. Nostre hypothes 
indica que hepatitis cholestatic (“cholangiolitic” ) non resulta necessarimente di 
un obstruction intrahepatic del bile (como on lo suppone communmente 


pote ben resultar de dysfunction del cellula hepatic mesme 
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Occurreva un acceleration del degradation in vivo de iodate albumina seral 
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malabsorption svndrome has 
ecently been the 
terest Difficulties in exact 


subject of wide 


OnOSIS probably account for the in- 
equent recognition of the disease. 
Recent advances have led to effective 
lerapy ind this has emphasized 
he importance of diagnosis. At the 
me time many new absorption tests 
Ve ippeared rhe present review 
onsists of an evaluation of the meth- 
ls employed in the diagnosis of in- 
stinal malabsorption. 
Diminished absorption from the in- 
stinal tract may result from  insuffi- 
ent pancreatic lipase or bile salts, 
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pathologic involvement of the small 
intestine, and surgical procedures 
which remove important portions of 
the gastrointestinal tract or create cer- 
tain anastomoses. A large group of pa- 
tients remain, however, in whom the 
etiology of intestinal malabsorption is 
unclear. The fact that our knowledge 
of the normal processes of intestinal 
absorption is superficial accounts for 
our lack of understanding of the path- 
ologic physiologic phenomena. Post- 
mortem examination has not resulted 
in a clear pathologic definition of this 
syndrome. Included in this group are 
patients with celiac disease, idiopathic 


Metabolic Diseases 


(S81 ) 


‘ 
n 
Ti 
ly 
r¢ 
t} 
] 
t 
ct 


82 Phe American Journal of thre \Viedical SCLENCES ° July. 1958 


steatorrhea, and sprue. Until these dis 
eases are separated by etiologic on 
pathologic characteristics, the distin 
tion remains a clinical one. They have 
been differentiated on the basis of ae 
place of residence, severity response 
to treatment, reversibility of the diseass 
and other clinical manifestations' 

fraditionally, the term sprue is best 
reserved for patients with an_ illness 
characterized by steatorrhea, diarrhea 
stomatitis, glossitis, and megaloblastic 
anemia The effectiveness of differ 
ent therapeutic agents in the = syn 
drome "55" suggests diverse etiol 


OVgI1es Phe ol celiac disease is 
reserved for children with idiopathic 
steatorrhea. They may have additional 
clinical features related to the « ffects 
of mal ibsorption in young people. Th 
familial coexistence of celiac disease 
and idiopathic steatorrhea and. the 
recent demonstration of their identical 
microscopic features on jejunal bi 
Ops\ support the con ept that they 
are the same disease in patients of dil 
ferent ages. Similai microscopic fea 


tures have been observed it 


sprue 
hemaining are a large group of pa 
tients with the disorder variously 


labe le d 


pathic steatorrhea. These adults may 


is nontropical sprue or idio 
not app seriously ill and may not 
have diarrhea. Adlersberg proposed 
the term idiopathic or primary malab 
sorption svndrome to include « eliac 
disease idiopathic steatorrhea and 
nontropical spruc 

The modes of clinical expression of 
variable* The 
presenting features may be related to 
inethcient ibsorption of tat, fat-soluble 


malabsorption are 


vitamins, water-soluble vitamins. elec 
trolytes, minerals, or amino acids! 

Symptoms may be clearly related to 
deficiency of one of these but mav be 
nonspecific weight — loss asthenia 
changes in app tite or vague com 


plaints The clinical features in a 


given patient are determined largely 
by the inefficient absorption of sub 
stances whose supply may be further 
limited by poor diet, deficient body 
stores, or increased demands. Thus 
these patients may be asvmptomatic 
when their requirements are met by 
dietary means. The defects in absorp 
tion tor each substance appear to be 
partial rather than « omplet 

Thus, the clinical picture either 
closely resembles other better known 
disorders for « unple pernicious 
anemia) or is entirely nonspecific. Lab 
oratory tests must be resorted to for 
demonstration of intestinal malabsoxp 
tion and definitive diagnosis of these 
svndromes is possible only by these 
pro edure 

ORAL ABSORPTION TESTS. Oral tolet 
ance tests are the most widely used 
means of diagnosing intestinal malab 
sorption. Their popularity is based 
upon ease of performance speed with 
which results are known. fairly 
good correlation with the presence o1 


thsence of steatorrhe Interest in these 


tests is reflected by the number of 
different ones devised and by the 
numerous publi itions that follow the 


labeled 


oils or re-evaluation of older tests 


introduction of a new test (1 


X\ lose tolerance ( \lost proce dure S 
measure blood levels of the test sub 
stance after oral administration of an 
amount, which may or mav_ not. bs 
calculated upon body weight. In many 
cases urinary or fecal excretion is als 
estimated 

No general agreement exists concern 
ing the best te chnique for the pel 
formance of these tests. Some of. the 
variables include 1) amount of the 
test material to be given. (2) diurnal 
and other factors that may make time 
of day important 3) activity of the 
subject during the test period, 
previous nutritional state, (5) whether 
the patient should fast before anc 
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during the test, and (6) gastric empty- of any large group of patients with 
ing time. which mav be estimated — steatorrhea has a positive tolerance test 
by fluoroscopic or roentgenographic with any given substance. 
means Tolerance curves are not too reliable 


The method of expressing results for detection of mild malabsorption! 
likewise varies. For example, results One might expect the reverse to be 
may be expressed as absolute blood — true, since time is an important factor 

ilues, percentage of the amount given — in all tolerance tests and not of such 

percentage of blood volume. Thus. importance in fat balance studies. How- 
each laboratory must establish a stand- — ever, at present the diagnosis of idio- 
id procedure and ranges of normal — pathic malabsorption rests upon the 
for each test. Abnormal response may demonstration of abnormal fat balance. 


be determined by various means: re \ patient's general condition can vastly 
liance upon the peak value of a curve improve, and the tolerance curves can 
that results from a multiple determina return to normal without any significant 
tion, absolute or percentage difference change steatorrhea®*. In_ in- 
hetween fasting and peak values, and stance tolerance tests mav be grossly 
ther characteristic features of the misleading. The military personnel in 
urve. Regardless otf these variables, Puerto Rico studied by Gardner“, most 
the conclusions drawn from a particu of whom did not have steatorrhea but 
r test performed by different investi did have impaired tolerance curves, 
tors are usually in good agreement. appear to be in a special category. 
In general. the correlation between the Their clinical picture resembled mild 
sults of the more popular absorption — sprue, but they were not anemic. 
tests and the presence or absence of Functional hypermotility of the in- 
teatorrhea is fair. Since it is impertect, testines that results in diarrhea m: LN be 
owever the search tor better oral ab- confused with a malabsorption syn- 
ption tests continues drome. Malins and French'’’ have 
\ll tolerance curves express the in attributed diarrhea in their patients 
raction between absorption, metabo- with diabetes mellitus and normal 
sm, and storage of the test substance pancreatic exocrine function to rapid 
t the moment of sampling. Claims — intestinal transit as a consequence of 


it degree of abnormalitv of an oral autonomic neuropathy. Onlv a few of 
bsorptiot test can be correlated with these patients had steatorrhea. which 
ntensity of steatorrhea?’ have not been was alwavs mild, intermittent, and as- 


istained. In fact, there is almost sociated with severe diarrhea. It is in 
inimous agreement to the contrary. — this situation that oral absorption tests 
The test substances are unpredictably may prove to be of great value, for 
flected by variation in gastric empty hypermotilit has been shown to in- 
distribution in the blood, lymph, crease the rate of absorption as de- 
ntra- and extracellular fluids, cellular termined by these tests. Cummins and 
tilization, storage, release, and excre- Almy*® demonstrated that parasympa- 
on through the kidney and liver. The thomimetic drugs given to normal sub- 
tes of absorption and release of the jects resulted in higher tolerance 
bstance into the bloodstream are curves for glucose and methionine. 
ily the limiting factors. Replicate They postulated that this resulted from 
sts may show fairly pronounced intra- increased intestinal blood flow as a 
nd interindividual variation’. Hence, consequence of the increased motility. 


is not surprising that only about 80@ However a_ parasympathetic blocking 
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agent did not result in lower curves 


4 demon 


Uyevyama and associates! 
strated a threefold increase in galactose 
absorption in a patient with hypermo 
tility. Mendeloff''® has shown that 
sham feeding is nearly as effective as 
eating in enhancing serum vitamin A 
curves. He suggested that eating 
causes the lacteals to expel their con 
tained vitamin A into the blood stream 
\tropine was shown to delay but not 
to prevent the eating respons: \ 
higher intake of fat results in a greater 
percentage of absorption of fat in pa 
tients with pancreatic or idiopathi 
steatorrhea’® but also usually produces 
diarrhea. Pe rhaps the enhanced absorp 
tion is due to increased motility related 
to the laxative effect of the undigested 
Fat 

GLUCOSE TOLERANCE TEST. Mleasure- 
ment of blood glucose levels during 
fasting and at intervals of ', 1, 2. and 3 
hours after ingestion of 50 to 100 em 
of sugar is probably the best known 
and most widely employed test of 
absorption. A “flat” or depressed curv. 
traditionally has been defined as a 
test in which there is less than 40 meg 
pel 100 ml. difference between th 
fasting and highest level. This is the 
usual type of curve associated with 
idiopathic malabsorption. In addition, 
Frazer and co-workers"? have pointed 
out that the peak of the curve is de- 
layed until after the first hour. 

In only 6 of 94 patients with rather 
severe idiopathic malabsorption did 
Bossak and associates** obtain a nor- 
mal glucose tolerance curve and thes: 
results seem to representative’* 
Approximately 10% of normal persons 
may be expected to demonstrate a flat 
curve if a rise of less than 40 mg. per 
100 ml. above the fasting level is the 
criterion Consequently, an 
increase in excess of 25 mg. per 100 
ml. has been suggested as the expected 
normal rise. Even with this value, 209 


of normal persons exhibited a_ flat 
curve™., The depressed tolerance curve 
of normal subjects does not appear to 
be related to delaved gastric emptving 
and frequently is normal re 
examimation'” 

The glucose tolerance test has mort 
inherent disadvantages than most oral 


absorption tests. since the liver. mus 


cles, and endocrine glands affect) glu 
COS metabolism \ patient with 
steatorrhea and normal pancreath 


exocrine” function determined by 
the usual tests, mav have a diabeti 
tvpe of curve. Patients with apparent 
coexistent diabetes mellitus and idio 
pathic steatorrhea usually have a familh 
history of diabetes, which assists in 
their differentiation from patients with 


chronic pancreatitis In the absence of 


this family history diabetic curve 
Wi a patient with steatorrhea is strone 
presumptive evidence of pancreatic 


exocrine insufficiency. Herein lies th 
principal value of the glucose toler 
ance test in the malabsorption svn 
dromes Diabetic curves have been 


reported in of patients with chron 


pancreatitis” Each of 10 patients 
studied by Gaddie and co-workers 
with steatorrhea to pancreati 


exocrine insufficiency had diabetic 
clucose tolerance curve whereas 
similar number of patients with idio 
pathic steatorrhea had flat glucose tol 
erance curves. Fructose offers no ad 
vantage over glucose as a test sub 
stance 

VITAMIN A TOLERANCE TEST. The vita 
min A tolerance test is a time-honored 
test of intestinal absorption. Seventy 
five thousand! to 180.000 on 
10,000 international units pel kg. of 
body weight, of an esterified form of 
viamin A in an oily solution or 300,006 
units of vitamin A as cod liver oil® 
is administered orally Blood levels ol 
the vitamin are measured at interval: 
extending to 9 hours, and in some lab 
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watories to 24 hours. Levels are en 
hanced by eating, so it is customary 
to have the subject consume a stand- 


rd breakfast after ingesting the vita 


nin. Better results are said to follow 
dministration of vitamin A before the 
test dose to insure adequate tissue 
stores \leasurement of fecal loss of 


the vitamins apparently is more reliable 
han thi blood levels, but this is 


tedious. Barnes associates! ob 
erved a normal curve in a patient with 
teatorrhe even though an excess of 
the test dose appeared in the feces. 
It is generally agreed that at least 

fourfold rise over the fasting level 
hould be present normally''*. The 


; 
it 4 to 9 hours should be 


t least over 125 pe per 100 ml.7". For 


tolerance test with use 


level 


in aqueously dispersed form. of 
min A instead of the oil solution 


hy performed Blood levels fol 
in idministration of the aqueous 
lution are characteristically slightly 


gher in both normal subjects and pa- 
ents with idiopathic steatorrhea! 


Patients with pancreatic insufficiency 
] 


eoretically might absorb the aqueous 
ispersion of vitamin A, vet fail to 
bsorb the vitamin A in oil. 

Many observers 7.107 have re 


rted the value of the vitamin A tol 
rance curve as an indicator of the 
resence of steatorrhea. However, re- 
Its are frequently inconsistent, and 
ie test is influenced by other dis- 
lhe Mt. Sinai series of 
irly 100 patients with idiopathic mal- 
sorption appear to reflect general ex- 
erience; 81% had a flat curve. Legerton 


na associates 


obtained a good cor 
ition between the vitamin A toler 
ce curve and the coefficient of fat 
bsorption but this has not been con- 
med. Hillman and Becker*! reported 
de variations in replicate tests in 
same individual and among differ- 


groups of subjects. Improvement in 


the general condition of the patient is 
poorly correlated with this test*. 

The I'*!-labeled lipid tolerance curve 
appears to be exceptionally well corre- 
lated with the vitamin A_ tolerance 
curve!*. This procedure is much easier 
to perform if facilities for counting 
radioactive materials are available, and 
it is likely to gain popularity at the 
expense of the vitamin A determination 
(see page 87 

Recently, interest has been aroused 
in the fasting serum carotene level as 
a screening procedure for the malab- 
sorption syndromes!**. A low level was 
found in 51 of 58 such patients. How- 
ever, low serum values may reflect poor 
diet, liver disease, and such nonspecific 
tactors as fever. 

WATER pivuREsIS TEST. Wollaeger and 
Scribner'®’ in 1951 drew attention to 
the delaved excretion of water and 
nocturnal diuresis observed in patients 
with sprue. Thev found that absorp- 
tion of water was delayed when water 
was taken during or after a meal and 
that nocturnal diuresis was abolished 
by fasting. It has since been shown 
by Tavlor - that water diuresis in 
these patients is delaved even during 
tasting. 

Whether absorption of water, which 
is thought to occur throughout the 
gastrointestinal tract, is a passive proc 
ess secondary to the active translocation 
of electrolytes and organic solutes or is 
an active mechanism is unknown, but 
opinion seems to favor passive absorp 
tion'’*. That the diminished intestinal 
motility present in sprue may be an 
important factor in delayed water ab- 
sorption is indicated by the work of 


su 


Higgins and co-workers*’, who showed 
that drug-induced depression of in- 
testinal motility also depresses the rate 
of absorption of water and sodium in 
normal subjects. 

To perform the water diuresis test. 
hourly urinary volumes are measured 
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atter oral administration of either one 
liter of water or an amount calculated 
Normally, the 


given amount is accounted for in sev 


upon body weight 


eral hours urinary volume, whereas 
in idiopathic steatorrhea only a small 
percentage of the dose is recovered in 
the total 4 hours’ volume**. The over 
night volume may be compared with 
the volume excreted after the water 
load some hourly specimen should 
normally exceed the overnight volum« 

Diminished diuresis is common to a 
wide variety of diseases: Addison's 
clisease renal disease, heart failure 
and cirrhosis. Almost any illness may 
result in a positive test. Diez Rivas and 
associates’ found only | of 18 patients 
with spruc who had a normal test, and 
in Cooke's*4 experience the test is com 
monly positive. 

In general, the rate of water absorp 
tion in patients with sprue parallels 
their clinical condition’, there being 
a significant correlation between de 
layed water diuresis and fat absorp 
tion However, no relation exists be 
tween tecal excretion of water and of 
rat Patients with pancreatic steaton 
rhea frequently have positive tests 
as do those with pernicious anemia, in 
whom water diuresis tends to improve 
after therapy with vitamin B,.'*". 

Thus, the water diuresis test vields 
valuable diagnostic information in in 
testinal malabsorption in that a normal 
result is decidedly unusual but an ab 
normal test is common to a wide vari 
etv of other pathologic states. 
Electrolyte 
malabsorption is common in idiopathi: 


steatorrhea even without diarrhea**. 


SERUM ELECTROLYTES 


Higgins and associates”” found the rate 
of radioactive sodium absorption more 
retarded than the rate of water. Cooke 
and co-workers*® found a direct rela 
tion between fecal excretion of sodium 


and of water. Fecal loss of potassium 


paralleled that of water only in the 


presence of severe diarrhea. Excretion 
of potassium in the stool was unrelated 
to that of water or fat in the nondian 
rheic state. Total body exchangeable 
potassium is diminished steator 
rhea®'. Hence, even with normal serum 
electrolyte values hypokalemic ne 


phropathy'*" and signs such as disten 
tion, ileus, and weakness may appear 
According to Cooke*', many of thes« 
manifestations subside after potassium 
therapy is instituted 

Normal serum electrolyte values are 
not uncommon in idiopathic steator 
rhea. However, low serum levels, o1 
clinical syndromes associated with 
potassium deficiency may be clarified 
bv the demonstration of defective in 
testinal absorption 

Estimation of electrolytes in sweat! 
is a sensitive and reliable means of 
diagnosing fibrocystic disease of the 
pancreas. Excessive loss cf sodium 
chloride, and potassium in sweat. is 
apparently due to an abnormality pres 
ent in the sweat glands of these chil 
dren. It is the most specifi test vet 
devised for this disease’ has 
largely replaced such procedures as 
the measurement of urinary iodine after 
oral administration of lipiodol'* and 
determination of ability of fecal en 
zvmes to digest the gelatin film from 
a Roentgen-ray plate 

D-XYLOSE TOLERANCE TEST. The d 
xvlose absorption test is probably th 
most valuable of the available absorp 
tion tests. Xvlose is neither absorbed 
against a concentration gradient nor 
significantly degraded bv the body 
Although it is probably actively ab 
sorbed in the small intestine, it is not 
phosphorylated in its passage throug! 
the mucosa. It is not metabolized by 
the liver but is partially destroyed by 
the tissues®®. Urinary excretion is re 
lated to its concentration in plasm: 
and is not affected by diuresis or ex 
ercise*®, 
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lwenty-five grams of the sugar is 
idministered orally, and the amount 
present m the following 5-hour urinary 
volume is measured. The average 
imount recovered from normal subjects 
is 6 gm.; patients with idiopathic mal 
bsorption usually excrete less than | 
rm.°*, Blood levels mav be determined 
it intervals, but are sufficiently variable 
to cause an overlap between normals 
ind patients with poor absorption’? 
Normally 19 gm. of xvlose is unac- 
ounted for and, presumably, unab- 
sorbed. Urinary excretion is diminished 
by ingestion of food during the per- 
formance of the test!* 

\ good separation between normal 
nd abnormal subjects has been found 
by all investigators thus far'?:7*">, The 
test correlates well with changes in 
the clinical condition of the patient 


ind is reasonably 


t has many obvious theoretic and prac- 
tical advantages over the vitamin A, 
labeled oil, and glucose tolerance 
tests. Normal results have been re- 


ported in patients with pernicious 
inemia** and chronic pancreatitis" 
\lore data are needed large 
froups of patients to evaluate this test 
further. Thus far, d-xylose appears to 
possess more characteristics of an ideal 
ral absorption test than any test vet 
idvocated 

AMINO ACID TOLERANCE TESTS. Several 
investigators have attempted to evalu 
ite intestinal absorption by measuring 
blood amino acid nitrogen levels after 
oral administration of amino acids 

protein such as gelatin® 74°14, Pa- 
tients with pancreatic insufficiency may 
have flat curves after administration 
{ protein and normal curves when 
imino acids are given. Those with 
idiopathic malabsorption tend to have 
Hat curves after administration of 
either substance. The test has not been 
widely evaluated in the diagnosis of 
intestinal malabsorption, and most in- 
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vestigators do not find the information 
gained to be commensurate with the 
difficulty of the chemical technique 
involved. 

Althausen 
and Uvevama® suggested the starch 
tolerance test as an aid in the diag- 
nosis of adult pancreatic insufficiency. 


STARCH TOLERANCI TEST. 


This consists in comparing the blood 
sugar curve after oral administration 
of 100 gm. of starch with the glucose 
tolerance curve. They obtained an ab- 
normal response in 87% of their patients 
with clinical pancreatic insufficiency. 
Interpretation of the test is difficult, 
and the presence of diabetes makes it 
unreliable. It has, therefore, not gained 
wide acceptance. Kalser*> described 
patients who had abnormal starch tol- 
erance tests, vet at laparotomy both 
had a normal pancreas and hepatitis. 
RADIOACTIVE —‘TRIOLEIN 
I'*!_Jabeled triolein is one of the most 


ABSORPTION. 


recent and probably the most promising 
of the absorption tests. In the fasting 
state, 25 to 100 ne. of the test material 
is administered orally, together with a 
small amount of olive oil''? or peanut 
oil'*. Some investigators also use a 
few ml. of “tween 80° as an emulsify- 
ing agent and barium sulfate if gastric 
emptying time is to be estimated". 
Beres and co-workers!* give only milk 
and a carbonated beverage with the 
oil. Blood and fecal radioactivity may 
then be measured intervals. lodine 
is given for 3 or 4 days before the test 
to block thyroid uptake of radioactive 
iodine. 

The appearance and disappearance 
of radioactivity in the blood stream 
has been shown to agree closely with 
that of chemically determined _ tri- 
glycerides*'. However, only 20 to 35% 
of whole blood radioactivity is due to 
lipid bound I'*! '*. Normal subjects 
degrade 50 to 75% of the I'*!-labeled oil 
in the first 24 hours'**. 
may result from metabolism of the 
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radioactive lipid before, during, o1 
after absorption 

Due to this splitting off of the 
labeled iodine, some investigators count 
only the lipid fraction of serum!'*, some 
measure whole serum!!*, others 
count whole blood'*:'*. The results 
may bi expressed in terms of radio 
activity corrected — for an assumed 
blood volume'® or as a simple percent 
age of the given dose'’. Regardless of 
the variables, the curves obtained by 
these techniques are remarkably simi 
lar. Counting of whole blood will 
probably become the most generally 
used method 

Che peak of the blood radioactivity 
curve normally occurs at 4, 5, or 6 
hours. Berkovitz and Sklaroff'’ meas- 
ured the blood level serially until the 
peak was reached and then discon 
tinued the test. Reemstma!** consid 
ered measurement of the 4-hour level 
alone adequate 

As vet, no investigator has r ported 
real difficulty in separating the “flat 
curve of malabsorption from the nor 
mal one. Characteristic and _ striking], 
reproducibl curves have been ob 
tained by Baylin associates!’ 
whereas others have not had as much 
suCcCeSS Ruffin has explained his 
better results on the basis of routine 
roentgenographic or fluoroscopic cor- 
relation with gastric emptying and the 
maintenance of a fasting state in the 
patient 

Ruffin and co-workers!** attributed 
flat curves to delayed gastric emptying 
or to malabsorption. He found that pa 
tients with disease of the colon and 
functional intestinal complaints in- 
variably had normal curves. Mineral 
oil ingestion did not affect the tolerance 
test. Chinn and associates*® did not 
find impaired absorption in older per- 
sons. In one series of patients with 
pancreatic disease, YO% had Hat 


curves** The test does not permit 
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detection of early pancreatic disease 

I triolein tolerance correlates well 
with vitamin A tolerance! and, in all 
likelihood will shown to have 
similar limitations. The flat glucose 
tolerance curves occasionally seen in 
normal subjects cannot be attributed 
to delayed gastric emptving'**, and it 
mav be erroneous to attribute flat 
triolein curves to this mechanism. The 
possibility of a normal tolerance curve 
na patient with increased fecal excre 
tion should be investigated, since such 
was found to be the case with vitamin 
\ tolerance. Both talse positive and 
negative results will probably be re 
ported more frequently as the test 
Valns wider if blood levels are 
relied upon solely Some investi 
gators!'= already consider the determi 
nations of blood curves alone to be 
inadequate. 


\leasurement of fecal radioactivity 


for 2 to 3 davs after oral administra 
tion of the radioactive lipid has been 
shown to correlate well with blood 
curves blood stool levels be 


ing inversely related. Normally, less 
than 2% of the radioactivity is recov 
ered in the stools. Fecal results are 
more similar to fecal fat studies and 
will probably prove better for detec 
tion of mild steatorrhea, since total ab 
sorption and not absorption rate is 
measured. The urinary excretion data 
has not proved to be valuable by any 
Investigator. 

The | triolein is a simple tolerance 
test which is easy to interpret and 
relatively reproducible. _ It appears 
that it will supplant the vitamin A 
tolerance test in many instances. If 
facilities for counting radioactivitv are 
available, the fecal counting procedure 
holds even greatet promise and may 
well be the means by which steatorrhea 
can be detected with a high degree 
of accuracy. No large scale correlation 
of the fecal test with the coefficient of 
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feat absorption as determined by a 


ilance study has yet been reported. 
OLEIC ACID ABSORPTION TEST. Ad- 
litional value to the I'*'-labeled_ trio- 
in test has been given by the intro- 
uction of the ['!-labeled oleic acid 
ral ibsorption test. Since oleic acid 


loes not require digestion before ab- 


orption, pancreatic malabsorption of 
iolein can differentiated from 
thes malabsorption. The procedure 


r the test and blood curves for the 
idioactive fattv acid are similar to 
hose of triolein 

Patients with pancreatic insufficiency 
ho have impaired triolein absorp- 
m almost invariably have normal 
ttv acid ibsorption"*, Reemstma’s!*> 
tients with “pure pancreatic de- 
ency due to operation, obstruction 
f a duct or fibrosis, that is, those in 
hom steatorrhea would be expected, 
low triolein and normal oleic 


curves. Interestingly, patients with 


fibroevstic disease of the pancreas, like 


se with nonpancreath steatorrheas. 


| relatively Hat curves after adminis 
tion of both substances. 

PROTEIN ABSORPTION TEsT. I! 
casein®’!"" or albumin mixed 


th gelatin has been employed in 
nanner similar to that of triolein in 
study of protein absorption. On 
vhole, the results have been fairly 
stactory. Its primary use in the 
labsorption syndromes is in the study 
pancreatic disease, as patients with 
opathi steatorrhea do not com- 
nly have the degree of protein 
labsorption that is associated with 
ncreatic disease'**, but the separa- 
n between different groups of sub- 
ts is not as good as that obtained 
th triolein. The advent of I'*'-labeled 
c acid has provided what appears 
be a much better test, and it seems 
ly that it will largely replace the 
tein test 


UTTER FAT TOLERANCE TEST. Frazer 


and Stewart"* performed blood chylo- 
micron counts in healthy persons after 
ingestion of meals and described a 
characteristic curve that was obtained 
by plotting the values against time. 
This method has been used as a means 
of diagnosing intestinal malabsorption 
of fat. 

Chylomicron counting is tedious, and 
the resulting curves are not repro- 
ducible. Accordingly, measurement of 
blood lipids**! or of serum optical 
after oral ingestion of 
butter has been used. The resulting 
curves In patients w ith sprue tend to 
be but Gardner™ found the 
overlap with normals to be excessive. 

ANEMIA. The presence of anemia has 
been underemphasized as a screening 
procedure in the diagnosis of idiopathic 
intestinal malabsorption. All 100  pa- 
tients reported by Cooke and _ asso- 
ciates*> were anemic. They regard a 
persistently normal blood count as 
strong evidence against idiopathic 
steatorrhea. 

Frequently, the only clinical mani- 
festation of malabsorption is megalo- 
blastic anemia. It is difficult to differ- 
entiate this state from pernicious 
anemia nutritional macrocytic 
anemia. Microbiologic estimation of 
serum vitamin B,. levels is of some 
value, but the seoceduwe is not widely 
available. Low levels are found in 
pernicious anemia and nutritional 
macrocytic anemia and may be found 
in idiopathic mak: ibsorption!" 119,120 

The frequency of apparent pilidue- 
hydria in patients with idiopathic mal- 
absorption has led to the erroneous 
diagnosis of pernicious anemia. Kay'"! 
developed a procedure in which maxi- 
mal output of gastric juice is consis- 
tently obtained by giving 0.04 mg. per 
kg. of histamine. Antihistaminic drugs 
are used to control the side effects 
of the large dose of histamine. Evi- 
dently, this dose of histamine stimu- 
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lates all the parietal cells maximally 
By this method, true achlorhydria was 
found only in patients with pernicious 
anemia. This was confirmed by Card 
and co-workers*" after they performed 
the test on 500 patients 

FOLIC ACID ABSORPTION. Microbiologi« 
estimation of folic acid excreted in the 
urine after subcutaneous and_ oral 
doses of 5 mg. of folic acid has been 
used by Girdwood" to investigate in 
testinal absorption. Patients with spruc 
excrete a smaller amount of folic acid 
in the urine after administration of the 
oral dose. It may be necessary to load 
the tissues with folic acid before the 
test is performed. Girdwood** had no 
false positive results with this test 
only 2 of 30 patients with sprue had a 
normal test. Of spec ial interest are th 
f patients with normal fat balance but 
other signs typical of intestinal malab 
sorption and a positive differential 
urinary folic acid excretion _ test 
Girdwood’s test is the only one at our 
disposal for investigation of folic acid 
deficiency and appears to have many 
merits. However, his results need con 
firmation. The test will probably never 
be widely used because of the difficul- 
ties in measuring folic acid 

VITAMIN ABSORPTION. The study 
of patients with megaloblastic anemia 
is greatly facilitated by investigating 
their ability to absorb radioactive vita- 
min B,.. Studies of this sort were first 
reported by Heinle and associates‘? 
They gave vitamin B,. labeled with 
radioactive cobalt 60 to patients and 
detected poor absorption by increased 
radioactivity in the stools collected 
over a 7- to 10-day period. Absorption 
could be brought into normal range 
in patients with pernicious anemia by 
oral administration of intrinsic factor. 
Schilling 


tion of radioactive B,. by counting 


was able to detect absorp- 


urinary excretion. The urinary excre- 
tion could be demonstrated only if a 


large dose of nonradivactive vitamin 
Bi» (“flushing dose”) was given paren 
terally after the orally administered 
radioactive vitamin By». The massive 
excretion . of —nonradioactive . vitamin 
B,» in the urine carried with it radio 
active vitamin B in amounts. that 
could be counted accurately. Glass and 
co-workers*! were able to detect ab 
sorption and storage in the liver by 
counting externally over that organ 
Hepatic counting could be reliably per- 
formed only after an interval of 5 to 
7 days after oral administration of the 
tracer dose of radioactive B,., that is 
after the unabsorbed radioactivity was 
eliminated from the intestine the 
stool. Recently. Glass and Boyd*’ re 
ported an accelerated method of meas 
urement ot hepatic uptake of the co 
balt 60, with use of castor oil and an 
enema to rid the intestines of unab 
sorbed radioactivity so that liver count 
ing may be performed in 48 hours 
\leasurement of serum radioactivity- 

at intervals after oral ingestion of 
vitamin B,» Co" has also been used 
successfully. 

In all these methods, the amount ot 
oral tracer dose of vitamin B,. Co“ is 
physiologic, that is, 0.5 to 2.0 ng. Glass’ 
has demonstrated the sharp fall in the 
percentage absorbed when more thar 
| ng. of By» is administered, so approxi 
mately 0.5 ug. is the amount generally 
used 

Glass and Boyd*’, in a summary ot 
the advantages and disadvantages ot 
the various methods, pointed out that 
the results obtained with all these tech 
niques are comparable. The Schillin: 
24-hour urinary excretion test!** prob 
ably enjoys the widest popularity. | 
appears to be unusually reliable, rapid 
and easy to perform and gives rathe 
clear-cut results’®. The amount 
tracer oral dose has been modified, a 
has been noted. The 1000 ng “flushin 
dose” of nonradioactive vitamin B 


il 
\ 
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the “flushing” 
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av be given simultaneously with the 


ral dose instead of 2 hours 
iter, as originally used by Schilling. 
\liller and associates''® administered 
injection 3 hours and 
tin 24 hours after administration of 
he tracer dose and measured the 48- 
jour rather than the usual 24-hour 
rinarvy volume. They recovered a 


sher percentage of radioactivity by 


this means 


Results obtained by various modifi 
tions of Schilling’s test do not differ 
clinical interpretation. Many modifi 
tions are necessitated by the sensi- 
tivity of the radioactive counter that is 
iilable and the size of the aliquot 
f urine to be counted**. The urinary 
cretion test is invalid in the pres- 
ice of severe renal insufficiency’ 
Many patients with acute infections 
ynstrate poor absorption on each 
these tests Recent studies 
ve demonstrated that prolonged ad- 
nistration of intrinsic factor-contain- 
hematemics may depress the sub 
juent response to intrinsic factor in 
anemia!?", 
nce the major site of vitamin B,. ab- 
rption seems to be the lower ileum. 


nts with pernicious 


e tests may prove useful in diag- 
sis of disease limited to that site*® 
With each method, patients with 
rnicious anemia fail to absorb sig- 
ficant amounts of radioactive vitamin 

but when a commercially obtain- 
le. intrinsic factor preparation is 
led, normal absorption 

Normal absorption is present in 
tients with megaloblastic anemias 
ociated with nutritional deficiency 
vitamin B,,'*°, pregnancy*®, fish 


eworm infestation" and 
Most patients with idiopathic mal- 
orption fail to absorb radioactive 
imin both with and without 
addition of intrinsic factor. This 
ibsorption pattern was demon- 
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strated in 20 of 25 patients w ith idio- 
pathic malabsorption reported by 
and in 9 of 


Reisner and co 


Oxenhorn and associates!! 
13 studied by 
workers!2". Clinical improvement in 
these patients is not consistently ac- 
companied by better results of tests*™! 

The results of tests in patients with 
malabsorption of vitamin B,, due to 
“blind loops” or “stasis” may or may 
not revert to normal after oral admin- 
istration of an antibiotic for several 

The radioactive vitamin B,» absorp- 
tion tests are of great value in differ- 
entiating the various types of megalo- 
blastic anemias. They are easy to per- 
form and interpret ‘and are valuable 
not only in patients who are in re- 
lapse but also in the diagnosis of vita- 
iin B,. deficiency regardless of etiol- 
ogy. Their use as a screening procedure 
for presence of intestinal malabsorp- 
tion of fat is limited™! 

IRON ABSORPTION. Although macro- 
cyvtic normochromic anemia is the 
usual tvpe of anemia which develops 
in intestinal malabsorption, microcytic, 
hypochromic anemia due to malab- 
sorption of iron is not uncommon!!””, 
Moore!" estimated that about 6 vears 
is required for a previously normal 
adult male become iron-deficient it 
the normal rate of excretion persists 
while no iron is absorbed. A patient 
with idiopathic steatorrhea may never 
absorb iron normally and may _ not 
have normal body stores of this ele- 
ment. Signs of iron deficiency may 
develop fairly soon after surgical pro- 
cedures and other events that de plete 
body stores. 

Patients with steatorrhea and anemia 
may develop mi icrocytosis for the first 
time after iron ther: apy has been pre- 
scribed for hypochromic anemia, or 
microcytosis may become evident after 
folic acid vitamin By. therapy. Of 
interest are those patients who present 
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as retractorv cases of iron deficiency 
and are subsequently shown to have 
and 


steatorrhea malabsorption — of 


iron Their iron deficiency is easily 


correctible by parenteral administra 
tion of iron. 

Absorption of iron may be investi 
gated by measuring radioactivity in 
blood or feces after radioactive iron is 
or by measuring levels of 
oral administration of iron. Interpreta 
these tests is difficult. 


because of the 


given orally 


iron in the serum at. intervals 


tion ol appal 


ently small amount 


that is normally absorbed"". Many pa- 
tients with sprue who are not demon 


have Hat blood 


but there is much overlap 


strably iron-deficient 
Curves 
with normals. 

SECRETIN TEST. Collection of pancre 
al double 
lumen tube placed near the ligament 
atter 


remains the 


atic secretions by means of 


ot Trietz intravenous secretin 


stimulation most specific 


and accurate test available for detec 
tion of pancreatic exocrine insuffi 
ciency The tube must be positioned 


caretully by Huoroscopic means. Either 


1 unit per kg. of body weight or a 


standard 
The 


volum«e 


dose of secretin is injected 


secretions may be examined fon 
biliary 


pigments, malignant cells, and para- 


bicarbonate, enzymes, 


sites. If one enzyme is diminished 


usually all are diminished so that only 
amylase need be measured. 
On the basis of different 


responses 
in volume, bicarbonate, and amylase. 
Dreiling*’ has differentiated two types 
of pancreatic detects. A quantitative 
diminution in volume with normal bi 
and 


carbonate concentration 


enzyme 
suggests ductal obstruction, whereas a 
qualitative change characterized by 
normal volume but less amylase and 
bicarbonate is observed in chronic pan- 
creatitis. The specialized nature of 
this differentiation is apparent. Dreiling 


and Janowitz’ have had great success 
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in differentiating by the 
the normal response of patients with 


secretin. test 


idiopathic steatorrhea from that of pa 


tients with pancreatic insufficiency 
Three of 36 patients with sprue had 
test: all 


pane reat 


an abnormal secretin wer 


considered to have disease 
secondary to malabsorption This is a 
view of the 


logical consideration in 


known pancreatic trophy that accom 


hi 


sometimes prov ick 


panies poor nutritional states! 


secretin test may 


information that is difficult to Interpret 


Measurement of serum amvlase and 
blood coagulating tactors after intra 
venous administration of secretin and 


other drugs has not proved helpful 1) 


pancreatic insufh 


the diagnosis of 


Steatorrhea is 


frequently accompanied by diminished 


CALCIUM METABOLISNI 


absorption of calcium phosphorus and 


vitamin D. Loss of calcium is thought 


to be due to mal ibsorption of calcium 
per se, only a small amount of fecal 
calcium being accounted for by. th 
formation of calcium soaps and the 
loss of vitamin D!*"' Bile and fat 


are necessary fo1 ibsorption of vitamin 
D. These 


normal Ol low 


usually result in 


losse 


level of calcium cll 


phosphorus in the serum, whereas the 
level ot alkaline 


blood 1S raised* 


phosphatase in the 
Both 
result. Osteomalaci 


tetany an 
osteomalacia may 
unusual manifesta 
tions of idiopathi« steatorrhea About 
one-fourth of the patients at Sina 
Hospital had tetany and one-half ha 


and tetany are not 


roentgenographic manifestations — « 


osteomalacia o1 osteoporosis Low 
ered levels of other electrolytes ma‘ 
enhance the appearance ot tetan 


or, by themselves, produce it 
Recently, attention has been direct 
to the more unusual manifestations « 
disturbed calcium and phosphoru 
metabolism in idiopathic steatorrhe: 
seem to be a 


These consequence ( 


Progress of Medical Science: MEDICINI 


irving responses of the parathyroid 
rmone to lowered calcium — and 
hosphorus levels. If the parathyroid 


esponse to excess fecal loss of calcium 


normal, the phosphorus level in the 


erum should be low. Jackson and as- 


iates”” studied a patient with steator 
tetany ic reased serum phos 
rus. normal response to infusion of 


um and no response to parathy 


extract or vitamin D. He called 


ttention to similar patients reported 


the literature. some of whom do 
pond to parathyroid extract’. None 
th patients had the skeletal 


lifestations of pseudohypoparathy- 
idism He considered steatorrhea 
serum) phosphorus levels 
uncommon but little noticed be- 
se tetany with low serum calcium 
result with either a normal or high 
phosphorus. 
Davies and associates* pointed out 
it paticnts with steatorrhea can dem- 
strate changes characteristic of both 
teomalacia and hyperparathyroidism. 
presente d evidence to show that 
me patients w ith idiopathic steator- 
th develops — hyperparathy- 
m that responds to vitamin D, 


prol mnged malabsorption, para- 


roid adenomas may develop. Dent"! 
ntioned a patient with steatorrhea 
had a low level of calcium in the 


m but nereased levels of phos- 
us and alkaline phosphatase and 
us changes in the roentgenogram 
nostic ot hyperparathyroidism. 
imin D the rapy corrected these. 
OENTGENOGRAPHIC FINDINGS. Radio- 
examination of the small intestine 
provide intormation of great im- 
rtance. Snell and Camp'* in 1934 
erved dilation and smoothing of 
inal contour, with segmentation and 
mping of barium, in 7 patients with 
pathic steatorrhea. They suggested 
t these changes were probably not 


cific. Pendergrass and associates!** 


found that olive oil mixed with stand- 
ard barium preparations produced a 
radiologic picture in normal subjects 
that might be confused with the pat- 
tern observed in steatorrhea. Frazer 
and co-workers™ reported experiments 
indicating that some roentgenographic 
changes are indeed nonspecific and re- 
lated to flocculation of barium. Gross 
clumping of barium was demonstrated 
when mixed with mucus in vitro and in 
segments of intestine obtained at nec- 
ropsy. The degree of clumping was 
proportional to the quantity of mucus 
added. Pronounced segmentation of the 
barium was produced in normal sub- 
jects by intraduodenal administration 
of fatty acids. It was conjectured that 
the fatty acids may have produced 
their effect by stimulation of mucous 
secretion. Some confirmation of the 
role of fatty acids in producing the de- 
ficiency (segmentation ) pattern) may 
be found in the report of Lowe and 
associates'’*, They administered 30 to 
60 gm. of corn oil with barium to chil- 
dren with pancreatic fibrosis and ob- 
served a normal pattern. When pan- 
creatic enzymes were added, a clumped 
(deficiency ) pattern was noted. 
When nonflocculating barium!'’* is 
used, the mucosa may be studied in 
greater detail*’. The more fluid barium 
solution Hows between the mucosal 
folds and demonstrates them to be en- 
larged. When the mucosal folds are 
prominent, a “stacked coil” or “ladder 


appearance may be seen. 

Important information which can be 
evaluated in the light of many years 
experience can be obtained from radio- 
logic studies of the small intestine with 
use of standard barium mixtures. Dila- 
tion of the mid and distal jejunum, one 
of the most important radiologic find- 
ings, was observed in 40 of 46 cases 
reported by Marshak and associates". 
In 36 patients the dilation was twice 
normal or greater, which exceeded that 
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American Journal of the 
found in diseases associated with a 
clumped pattern, such as deficiency 
states, pellagra, nephrosis, cirrhosis, 
and hyperthyroidism. All 75 patients 
with malabsorption examined by Cooke 
and co-workers®* with a flocculating 
barium emulsion showed Varying de 
erees of the deficiency pattern. 

Thickening of the mucosal folds with 
absence of the normal feathery or het 
ringbone pattern was demonstrated in 
most of the patients reported by 
Adlersberg and co-workers? without re 
sorting to nonflocculating barium. Seg 
mentation of barium into large clumps 
with radiolucent intervals was com 
monly noted. The moulage sign was 
seen in 6 of thei patients. This sign 
was described as “resembling a tube 
into which wax had been poured and 
allowed to harden'’.” Scattering, in 
which a snowflake appearance is given 
by small clumps of barium, is usually 
seen in combination with segmenta 
tion''’. It seems likely that segmenta 
tion, moulage sign, and snowflaking 
may all be artifactitious, the result of 
greater or lesser degrees of clumping 
of barium and that this clumping may 
be related to a quantitative’ or quali 
tative’®” mucous defect. 

Inadequate emphasis has been 
placed on the value of small intestinal 
mucosal detail to the physician who 
does not have access to many of the 
diagnostic procedures mentioned — in 
this review. Pancreatic steatorrhea and 
pernicious anemia present a normal 
feathery mucosal pattern® and, thus, 
may be differentiated from intestinal 
malabsorption. \ flat plate of the ab 
domen should be taken before the 
barium studies are begun. Such a film 
may provide the physician with im- 
portant evidence of pancreatitis by 
demonstrating calcification in the area 
of the pancreas" ‘or may demonstrate 


osteoporosis and osteomalacia. 


MUCOSAL BIOPSY. Wood and _ associ- 
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in 1949. introduced a flexible 


vacuum gastric biopsy tube, which pro- 
vided a safe and easy method for ob 
taining gastric biopsic s. Joske and co 


workers"? found gross gastric mucosal 
abnormalities in every patient with 
pernicious anemia studied by this 
method. However, these abnormalities 
do not appeal to be specific tor pel 
nicious anemia. Gardner, using the 
gastric brush technique discovered ab 
normal gastric mucosal cells in patients 
with sprue (but without achlorhydria 
similar to those present in pernicious 
anemia. Davidson and Markson*! have 
shown that patients with iron defi 
ciency also exhibit these abnormalities 
especially when achlorhydria is present 
Pathologic changes in the small in 
testine in sprue have previously been 
minimized or reported as normal 
probably because of the rapid ap 
pearance of autolysis at necropsy 
Shiner'*= has used the oral route to 
obtain duodenal and jejunal biopsies 
by means of a Hfexible biopsy tube 
Small intestine mucosal atrophy with 
villous deformity has been found in 
biopsies obtained in’ this manner” 


similar to those found 


biopsi« ob 
tained at laparotomy It is too early 
to determine whether or not these ar 
constant pathologic changes in spru 
but thus far they have been found in 
every case ot idiopathic steatorrhe 
and sprue studied'"'. Recently Sakul 
and Shiner!'* have reported identic: 
pathologic changes in a child witl 
celiac disease. Shiner on biopsy ol 
the intestinal mucosa of a patient wit! 
pancreatic steatorrhea, found it to be 
normal. Paulley and co-workers re 
ported a patient with postgastrectom 


_ steatorrhea who had a normal jejuna 


biopsy. At necropsy, they discovered 
areas of normal mucosa and areas of 
atrophic mucosa. Their biopsy speci 
men was apparently obtained from on 
of the normal areas 
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Intestinal biopsy holds great prom- 
is a means of diagnosing sprue and 
liopathic steatorrhea and well 
vide the long sought firm basis for 
iwnosis. More information is needed 
to microscopik findings in unrelated 
ease states, especially those asso- 
ted with poor nutrition. 
FECAL FAT ESTIMATION. The demon 


the 
the 
satorrhea is 


of steatorrhea is 
the d of 
rption svndrome. Ste 
illy considered to 

poor absorption of other 


ition corner 


ne m matlab 


be a constant 
might anticipate iso- 


tilure to absorb a nutrient other 
has described 


ot 


acid 


Cirdwood™ 
with 


ho had abnormal 


evidence 
folic 
vet did not have steato1 
Such cases need confirmation. 


overlook 


t th presence 


ihhents clinical 


hints 
of steatorrhea. Many 
that the 
of steatorrhea mav be strongly 


bedside 
eCrience d rvers believe 


basis of characteristic 

) ot the 
stency when manipulated with an 
the 


on the 


earance stool, its 


| 
r and apy 


| whether stools 


inc 


of the stool 
as Characte1 
is thought to 


increased fat content but 


silvery grav color 


teatorrhea is egarded 


colon not 


to ¢ reduction of biliary 
ments to a 


sed activity of intestinal organisms. 


KCOCSSILV¢ 


colorless form in- 


increased activity is conditioned 
increased amounts of unabsorbed 
trients in the fecal stream. The color 
roaches normal chlortetra 
line is given orally. 


reliable 


is microscopic 


Probably a more indication 


teatorrhea evidence 


increased fat in the stool. Cooke 

associates found such evidence 
S5% of 100 patients. The technique 
imple and is probably of greatest 


ie when done bv one person who 
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mind 
Pratt!** was one ol 


can establish in his own some 
standard of normal. 
the first investigators to express some 
dissatisfaction with the method when 
to be 


microscopic ul vet subseque nt anal- 


he reported a stool normal on 


vses showed the fat content to be con- 


siderably increased. This discrepancy 


has been amply confirmed? 


Chemical analvsis of the stool must 
be resorted to for precise information 
as to degree of steatorrhea. Results 


that express fat content as percentage 
ot 


unsatistactory 


of a random stool 


The ot 


in. feces is not necessarily 


dry matter are 


percentage dry 
matter y con 
stant", and there are technical objec- 
tions to drving feces 

The 
co-workers”, which 
fatty ot 
proven to be satisfactory and is simple 
and rapid. The 
otf tatty 


hydroxide 


and 
total 
has 


de Kamer 


estimates 


method of van 


acid content wet teces, 
method involves titra- 
acids dilute 
with thymol 
Occasionally, 
mogens interfere with the accuracy of 
the titration. A method similar to that 
of Cooke and associates**, in which the 
fatty acids are extraction 
and then certain 
advantages. Volatile fatty acids are lost 


tion against SO- 


dium blue as 


an indicator. fecal chro- 


isolated by 


are weighed, has 


by this method, but this should be of 

little consequence unless the dietary 

fat is mainly of dairy origin. 
Regardless of the method used for 


40,12 


estimating fat in the stools, a 


technique must be employed? in 
which the diet is of known fat content 
and the collections are adequate. Car- 
mine markers are commonly used_ to 
indicate the beginning and end of the 
Greater accuracy 


balance period. may 


be anticipated from balance studies 
of greater than However, 
one can make a of 
steatorrhea if the patient fails to absorb 
95% of the dietary fat during the 4-day 
balance period'?! 


Go 


davs 


secure diagnosis 


1 
et 
tin 
+] 
| 


The 


Procedures that estimate both fatty 
acids and triglycerides have not gained 
much popularity in differentiation of 
pancreatic from idiopathic steatorrhea. 
The patient s response to a potent pan 
creatic enzyme preparation is of great 
help in this differentiation, but 12-day 


balance periods must be employed 


to assess accurately changes under 
therapy’ 
Steatorrhea, which may be shown 


not to be due to pancreatic or other 
causes of secondary malabsorption, is 
diagnostic of a primary malabsorption 
svndrome. Steatorrhea is considered 
by some to be rare in ulcerative colitis, 
even when secondary ileal involvement 
there is lack of 
agreement on this point!*", Similarly 


exists although 
patients with hepatic disease and with 
out jaundice or biliary obstruction do 
not have steatorrhea The only prac 

tical source of error would be in dimin- 
ished absorption associated with acute 
infections™ or severe malnutrition®** 

Fat absorption returns to normal after 
correction of these factors. 

Discussion. The clinician's problem 
is twotold (] to determine — the 
presence ol gastrointestinal malabsorp- 
tion and (2) to uncover its cause. Since 
fat appears to be the sole substance 
absorption of which is constantly im- 
paired in the malabsorption syndromes, 
the demonstration of steatorrhea is the 
ideal method of diagnosis. Lack of 
facilities for determination of fecal fat 
leads to the employment of other pro 
cedures, which are used with varving 
degrees of success. 

\ reliable history and physical ex 


amination are essential to disclose past 


surgical procedures which may have 


produced external fistulae or shunts or 


may have removed regions of the gas- 
trointestinal tract important to absorp 
tion. Similarly. 


and severe 


obstructive 
hepatic 


jaundice 
disease may be 
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dismissed. Patients who have a con 
genital insufficiency of lipase or bile 
salts resulting in steatorrhea without 
associated jaundice must be rare. One 
may search for evidence of disorder 
in which intestinal involvement is a 
part ot the pathologic process, such 
Whipple's 


amy loidosis S¢ le rod and 


as lymphoma, carcinoma 
clisease. 
studies. such as 


tuberculosis. Routine 


the blood count and the roentgenogram 


of the chest may help exclude some 
ot these disorders In addition. the 
film mav reveal osteomalacia with 


spontaneous fractures 

The blood count, it persistently nor 
mal, would tend to rule out primary 
intestinal malabsorption An Important 
anemia is not likely to be seen in pan 
creatic insufficiency and in addition 
common. the 
\lacrocvtic 


anemia is an indication for gastric anal 


weight loss is not 
absence of overt diabetes‘ 
vsis. If achlorhyvdria exists, even after 
an augmented histamine — test per 
nicious anemia is the most likely diag 
nosis. A Schilling test may be expected 
to give confirmatory information and 
appears to be the most valuable singl 
procedure in the investigation of mac 
anemias. If a 


rocyvtie patient witl 


megaloblastic anemia has anormal 
Schilling test, one can only speculat 
as to the role of malabsorption of folic 
acid in the genesis of the anemia unles 
studies of folic acid absorption are 
available. 

\ patient whose microcytic hypo 


chromic anemia has been demon 
strated by repeated study of the stoo 
and gastrointestinal tract, not to b 
due to chronic blood loss and who fail 
to respond to oral iron therapy may 


Further 
studies for detection of steatorrhea ar 


fail to absorb iron normally 


indicated. 
The physician may next reques 


radiologic studies of the gastrointestina 


A 


vt 
Chie 
\ 
| 
( 
| 


t. Unsuspected osteomalacia or cal- 
ition of the pancreas may be dis 
ered on the preliminary film. The 
intestinal 


iculae, stenosis, or internal fistulae 


um study may reveal 


he small intestine. The small intes- 

films mav show a deficiency pat- 
with clumping of barium to a 


sign that must be 


hn? cle OTC" 
rded as nonspecific. If clumping is 
to such a degree that mucosal 
is not obtained, a study of the 

intestine with 
should he 


volvement of the small intestine 


nonflocculating 
secured. Evidence 
wn pathologic process, especially 
il enteritis, should be sought at 
detected with fair 
racy. A normal study is anticipated 


Is 
presence of pancreath steator- 
vhen nonflocculating barium is 
\t this stage of the examination, 
value. A 


c glucose tolerance in a patient 


nee tests mav be of 


t a family history of diabetes 


suspected of having steatorrhea 
ng evidence to proceed with 
th it ir not 


that is. the 


commonly avail- 
secretin test, determi- 
of the presence and degree of 
rrhea by the fat tech- 
or studies that compare absorp 


f radioactive-labeled_ triglyceride 


balance 


tty acids. These tests, if 


prop- 


Adlersberg, D Ed 


French, J. M.:  Ibid., 24, 321, 


Badenoch, J., and Callender, S. T.: 


Fourman, P.: Quart. | 


Progress of Medical Science: 


ly 1957 2) Adlersberg, D., Marshak, R. 
Friedman, A. I., and Wang, C. L: 

D., and Sobotha, H.: Ibid., 1, 357, 

Bossak, E. 1 

Uveyvama, K., and Weiden, S.: 

L.. and Uvevama, K.: 

Heavenrich, R. M.: Am 

J. M., and Mucklow, E. H.: Brit. 


1951. 

Badenoch, J., Bedford, P. D., and Evans, J. R.: 
Blood, 9, 123, 
Med., 23, 165, 1954. (13) Barnes, B. C., Wollaeger, E. F., 


Q7 


erly performed, may give diagnostic 
information. 

An abnormal xylose tolerance test 
suggests intestinal malabsorption, and 
normal results are anticipated in pa- 
tients with pancreatic insufficiency. 
Vitamin A tolerance and starch toler- 
ance curves do not yield diagnostic in- 
formation, although they may be of 
some assistance. Alterations in serum 
electrolytes, although important, are 
not diagnostic. 

Biopsy of the small intestine by the 
oral route is a recent procedure which 
holds promise in the diagnosis of in- 
However, _ its 
use at this time is limited by the lack 
of availability and general experience 


testinal malabsorption. 


both in performance of the biopsy and 
in its interpretation. 

The only certain method of exclud- 
ing the diagnosis of idiopathic steator- 
normal fat 
v balance technique. 
The van de Kamer method of. esti- 
mating fecal fat has the greatest num- 
ber of advantages and should be more 
widely used in the future. Determina- 
tion of 


rhea is demonstration of 
absorption by 


after oral 
administration of I'*'-labeled oils may 
prove to be as satisfactory in demon- 


fecal radioactivity 


strating steatorrhea as a fat balance 
technique but data are 


evaluation of this 


insufficient 
available for final 
procedure. 
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SUMMARIO IN INTERLINGUA Hi 
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See page 32 for original articl ri 

Observationes Relative A Amanozine (W-1191-2). Un Composito Triazinic De Nese 

Virtute Diuretic Variat 

Amanozine (W-1191-2) es un diuretico triazinic. Ilo es nonmercurial : I 

administrate per via oral, e age como potente “diuretico cd aqua Illo caus ‘ we 

solmente un leve augmento del excretion de natrium a ” 

Post chronic administrationes oral de amanozina, studios laboratorial resi hea 

in le constatation de significative sed reversibile grados dé depression del her ' 

dynamica renal, in simultaneitate con retention de nitrogeno e de phosphato d a 

grados equal a illos notate post therapia chronic con le analogo chlorazanil. Li ; aioe 

uso clinic de amanozina require multe attention. Isto suggere que su utilitate es 

restringite a cursos de oral therapia diuretic a curte vista B ” 

le mechanismo del action de amanozina, reflectite in le configuration | ‘ om 
excretion de electrolytos, simula le effecto de su analogo chlorazanil. Iste 

compositos differe in le mechanismo de lor action ab organo-mercuriales, ‘ ” 


inhibitores de anhydrase carbonic, e ab chlorothiazido. los pare repress 
un quarte modo de comportamento diuretic. 
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fue differentiation between organic 
emotional causes of dysfunctions 
he colon is not an easy task. Not 


ado similar symptoms pain, con- 


tiol diarrhea occur both 


isorders and disorders 


( 
iated with emotional maladapta- 


but psychological reactions to 


} 
rp 


inces ot tunction 


further in- 
e the symptoms of the disorder. 
different emotional states and 


s can influence the function of 


lon, and there are multiple physi- 


il mechanisms 


through which 
emotions can be mediated. Past 
individual 


tions in experiences 


id to vagaries of psychophysio- 
il responses within a single indi- 
il as well as in comparisons be- 
individuals. Further confusion 
s when emotional significance is 
ndarily ascribed to symptoms and 
secondary elaborations are misin- 
eted to re present etiologically sig- 
int states. 
use of these complex interrelation- 
emotional 
rs in disorders of the colon must 


both the signifi- 


affects or emotional 


any discussion of 


psychological 


cance and the physiological mechan- 


isms of colonic function. Increasing 
emphasis is found in the literature on 
this need to correlate emotional fac- 
tors with the phy siology of the system 

functions of the colon 
include reabsorption (principally 
water ), secretion, storage of feces, and 
elimination of feces? 


The major 


Reabsorp- 
tion and secretion takes place primarily 
in the right half with storage and 
elimination occurring principally in the 
left half of the colon®. 
Embryologically, the colon develops 
from both the mid-gut and from the 
hind-gut and receives parasympathetic 
innervation from the vagus and from 
the sacral parasympathetics®. Sympa- 
thetic innervation is derived from the 
thoraco-lumbar chain. In general, sym- 
pathetic stimulation re ‘sults in relaxation 


of the colon with contraction of 
the sphincters, whereas parasympa- 
thetic stimulation increases motility 


with relaxation of sphincters. However, 

some motility occurs without relaxation 

of the sphincters, and there is some 

lack of clarification as to which activi- 
(101 ) 


\ 
H CTOR O 
th 
1 
le 
M 
( 
| 
i¢ 
he 
| 
ate 


Thre 


controlled and 


which are predominantly under central 


ties are intrinsically 
nervous system control'”. 

Szasz***" cites the frequent incidence 
of diarrhea following vagotomy as evi- 
dence that the vagal and sacral com- 
ponents of parasympathetic innerva- 
tion have reciprocal rather than con- 
comitant actions. However, studies by 


Wolf and Wolff!® seem to indi- 


cate that vagotomy has little influence 


Grace 


upon colonic function. These authors 
point out that the emotional reaction 
to the operation may contribute to post- 
operative changes in function. 

An additional parodoxical reaction 
occurs with some intense emotional 
states such as fear. Involuntary empty- 
ing of the colon associated with such 
emotions would seem to indicate that 
the sacral parasympathetics at times 


simultaneously with the 


discharge 
svmpathetics' 
The principal intrinsic and_ reflex 
motility patterns of the 
clude? the 
which 


colon in- 
gastrocolic reflex 


results in reflex evacuation of 
the colon with filling of the stomach 
(though it 
with the psychic phase of digestion or 


eating ); 


may also associated 


anticipation of segmenting 
movements, antiperistalsis, and pendu- 
lar movements which promote reab- 
from the right half of the 
peristaltic movements which 
transport the contents from the right 


sorption 


colon: 


side to the left side for storage; the 
defecation reflex which initiates evacu- 
ation as the contents reach the rectum: 
and reflex inhibition of the colon when 
there is contraction of the external anal 
sphincter*"* 

During the processes of personality 
development and_ social adaptation 
with growth, many of these physiologi- 
cal functions become associated with 
emotional states of the individual. The 
gastrocolic reflex is active during in- 
fancy and childhood*4, and evacuation 


American Journal of the Medical Sciences «+ 


July, 1958 


stomach 


following filling of the may 
give rise to childhood ideas that. the 
abdomen is hollow cavity. Such 
attitudes later become uncon 


May 


scious but remain as components of 


“fantasies of function” within — the 


adult*"; and the concept of a hollow 
cavity may contribute to the develop 
ment of childhood misconceptions con 
cerning other “intra-abdominal” proc 
esses of impregnation, pregnancy, and 
parturition. Szasz*° suggests that lach 
of oral gratification, based on infantil 
inhibit the func 
tion of the gastrocolic reflex and result 
refl 


diarrhea is described in adults follow 


oral trustrations, may 


in constipation. Lienteric or 
ing meals'? and can be assumed to re 
sult from over-active gastrocoli 
reflex. Mass peristalsis has been di 
scribed in association with the sight 
or smell of savory food*, so that gratifi 
cation of hunger does not, in all cases 
seem to be associated with this refley 
Though there is still need for furthe: 
understanding of these psychophysi 
logical interactions, it can be seen that 
certain sequelae of different oral ten 
sions may be expressed physiological! 
through constipation or diarrhea?’. 
Colonic function is one of the first 
functions around which the individual 
experiences discipline toward social] 
adaptive behavior through the pr 
cedure of toilet training'®. Toilet train- 
ing is essentially an inhibitive functio 
in that the child is taught when not to 
defecate, rather than when to do so! 
The 


through contraction of the external anal 


reflex inhibition of the colon 


sphincter becomes an important cor 
ponent of this social adaptation, a 
training can probably best be under- 
taken after the child is able voluntari|\ 
inhibition. With 


certain 


to initiate this reflex 
toilet 
tudes develop having to do with shan. 


training, sensitive atti 


modesty, disgust, humiliation, dirtine+s 


contempt, and other judgmental aid 


@ 

it 
ral 
+} 
t 
©) 

er 


| 
ftects may become 
ted to 


| 
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udes However. 
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ecting concepts'®. Such attitudes and 
unconsciously re- 
autonomic functions of the 
colonic function is one of 
early functions through which the 
lividual can express independence 
iction, attitudes of obstinacy, with- 
and stubborness may deve lop. 
rental reactions to the child and the 
wess of toilet training have much to 
with the development of such at 


such interaction be- 


en parent and child may _ initiate 
long character traits within the 


idual 


Freud! first described adults with 


( 


traits of 
v. and parsimony 


ractet orderliness, obsti- 
associated with 
occupation with bowel function 

with chronic constipation. Further 
cription of such associations 
een emotional states and function are 
Abraham!', 


ind in papers by Jones!’ 
psychophysiological 


Ferenczi 
lanation is that unconscious fears 
soiling, reactions against parental 
ands, and wishes to retain bodily 
luctions result in chronic contrac- 
i of the external anal sphincter with 

inhibition of colonic motility. 
auto- 


disturbances 


lost colonic functions are 
lic, and symptoms or 
these functions, therefore, do not 


ess any particular psychological 
ning but rather are intengnetes 


the external anal sphincter is 


tative or organ neuroses**". 


er voluntary control and the symp- 
of constipation, related to its con- 
tion and the reflex inhibition of the 
can more or less dire ctly express 
nscious Of course, or- 
irritative lesions leading to pain 
spasm of the sphincter will also 
in constipation on this basis. 
external hemor- 


s resulting from the passage of 


i fissures and 
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dry, hard fecal masses further add to 
the problem of constipation. 

Jones"? points out that defecation is 

pleasurable experience and that the 
child may retain feces in order to pro- 
long this pleasure or anticipation of 
the pleasurable relief. This pleasurable 
component contributes to the develop- 
ment of 
function!” 
autoerotic or 


sexual overtones to colonic 

many of which may be 
homosexual in nature. 
Prohibitions against such erotic grati- 
fications may further contribute to the 
reflex inhibition of the colonic motility 
with resultant constipation. Similarly 
withholding, itself, may take on pleas- 
urable aspects*. Such attitudes toward 
colonic function frequently become dis- 
placed to other activities, resulting in 
the development of the 
described character traits. 

In addition to the reflex inhibition 
or activation of colonic function, im- 
balance of —sympathetic-parasympa- 
thetic innervation can also lead to 
disorders of function. Thus parasympa- 
thetic underactivity or sympathetic 
overactivity constipation, 
whereas the opposite imbalance re- 
sults in diarrhea. Hirschsprung’s dis- 
ease is an illustration of the first type 
of imbalance*. Without implying 
chogenic etiology of this disorder, it 
is possiible to postulate that similar 
but less severe disturbances may be 
due to chronic sympathetic over: ictivity 
related to the emotional state of the 
individual. 

Grace, Wolf and Wolff'® note that 
the relaxed colon is associated with 
constipation, whereas increased motil- 
ity is associated with diarrhea. How- 
ever, a clinic: il syndrome of * ‘spastic 
constipation” is de scribed in which pain 
and spasm are associated with consti- 
pation. The use of laxatives, cathartics, 
and enemas in the constipated indi- 
vidual may contribute to the pain and 
spasm”*, Supe rimposed upon the con- 
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stipation, and adhered to because of 
intense preoccupation with bowel func- 
tion, such measures serve to complicate 
the evaluation of contributing causes. 
Excessive swallowing of air in states 
of emotional tension similarly contrib 
utes to these symptoms. 

Other mechanisms of pain and spasm 
may be related to the dual pgp 
thetic innervation, vagal and sacral, 
the colon. Reabsorptive and secretory 
functions occur principally in the right 
colon® and are augmented through the 
segmenting, pendular, antiperi- 
staltic motility of the colon. Over- 
activity of this motility, related to vagal 
hyperactivity, undoubtedly results in 
excessive dehydration of contents as 
well as in symptoms of pain and spasm 
According to Szasz*", this vagal activity 
also results in decreased sacral para- 
sympathetic activity, with inhibition of 
emptying, thus further contributing to 
the constipation. 

Sacral parasympathetics, on the other 
hand, innervate the eliminative func 
tions of the colon'*, and overactivity of 
this component of the par: asympathe tic 
system is presumed to result in diar- 
rhea. As previously noted, this system 
may discharge concomitantly with the 
sympathetics during certain intense 
emotional states'*. Further, the sacral 
parasympathetics supply the sexual 
organs, innervating those physiological 
changes associated with sexual arousal. 
Prohibitions and inhibitions of sexual 
functions frequently seem clinically re- 
lated to the development of diarrhea. 
Additional studies are required to elu- 
cidate the 
actions of this component of the auto- 


psychophysiological inter- 


nomic nervous system. Similarly, more 
information is needed concerning the 
role of sympathetic underactivity in 
the development of diarrhea or other 
disorders of colonic function. 

Many difficulties are encountered 
relating emotional states to the activ- 


ities of the sympathetic and parasympa 
thetic system. Certain of the “emer 
gency responses have been outlined 
by Cannon and other workers using 


similar techniques . However, other 


emotions seem related to disturbances 
of function. Thus, though depression 
and paranoid ideas have been related 
to constipation*, little is known con 
cerning the psychophysiological mech 
anisms involved in the somatic expres 
sion of these emotional states. Certai 
theories such as the 
treat’ of Alexander 


vation” of Szasz7", and “psychophysio 


‘vegetative — re 


‘regressive inner 


logical regression” of Margolin?°. are 
all directed toward further understand 
ing of these interactions. Engel® em 
phasizes the need for further study of 
the psvchophysiology of such emotion 
as grief and depression as well as re 
sponses to events such as separation 


and he points out that ou present 


theories of 


psychophysiological 
sponses may prove inadequate to ¢ 
plain the phenomena encountered it 
such studies. 

These difficulties are well illustrate 


by studies of ulcerative colitis* 
16.18.22. Engel? has given a complete 
scription of the pathological process 
and a review of different theories 

etiology®. Though space will not pe 
mit an extensive discussion of this di 
order some mention should be mad 
of the difficulties which this disorde: 
presents in terms of understandi 
the psvchophysiological relationshi 
Many factors have been suggested 

the etiology, including toxins, allergens 
bacteria, and chronic parasympathetic 
overactivity. It is recognized that c« 


stitutional and other unknown orgat 


factors may influence the occurren« 
and progress of the disorder. 
psychic conflicts have long been r 


ognized as having significance in this 


disorder, the mechanisms of mediati 


Thouch 


1) 

( 


full 
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psychological factors is 
notes premorbid personality 
fects of long standing with charac 
istic dependent and _ restricted rela- 
nships with people and failure to 
heterosexual deve lopme nt. 


He also finds consistent psychopathol- 
in the mothers of his patients. 
According to these studies, onset and 
lapses were found to occur when 
trations or threats of separations 
th key peopl were reacted to with 
Iple ssness, ce spalr, and hopelessness. 
Vhere these separations or threats 
re not responded to by such affects, 
neurotu psychotic, or psycho- 

itic reactions were observed*!". 

el stresses the mother-child rela- 


ship in determining the vulnerabil- 
of separation and relates the tissue 
tions of ulcerative colitis to biologi- 
changes occurring consequent to 
matic separations”. He also sug- 
ts that such biological changes may 
relationships in the colon so that 
comes sensitive to its own flora as 
ithogens or that the 


becomes reé sponsive or reactive to 


vascular sys- 


ously harmless sub- 


chemical 
this connection, little is known 

ie developmental physiology of the 
n or of other svstems of the body. 
known that there are changes in 
different 
maturational processes, 
indications that 

lar variations occur in other physi- 
cal activities. Margolin*", in his 


of growth of organ 


ms during 
t} 


rere SOTneC 


ussion of psychophysiological re- 
sion, points out that greater fluc- 
ons of the internal environment 
tolerated in the infant than in the 
rhe timing of such physiologi- 


hanges in relation to emotionally 
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traumatic events may have some sig- 
nificance in the type of reactions or in 
the system involved in psychophysio- 
logical reactions to similar emotional 
events in the adult. Longitudinal 
studies of variations in physiological ac- 
tivity during maturation, and correla- 
tion of these variations in function 
with events or processes of psychologi- 
shed some light 
upon the development of pathophysio- 
logical reactions to emotional stresses 
within the adult. Such studies should 
not be confined to the psychophysiology 
of the autonomic nervous system but 
should include physiological variations 
of other humoral and hormonal factors. 

This multiplicity of both emotional 
and physiological factors associ: ited 
with colonic function has certain thera- 
peutic 


cal maturation may 


Because of the 
it is frequently 
difficult to separate the organic from 
emotional 


implications. 
complex interactions, 
influences, and diagnostic 
studies must include thorough evalua- 
tion of both the emotional and physical 
state of the individual. Individual 
variations in reactions to psychologic: al 
Many 
facets of the therapeutic management of 
psychophysiological disorders have re- 
cently been discussed by Margolin!**?. 

summary, 


factors must also be considered. 


y, some ‘of the major 
physiological mechanisms of colonic 
function have been described with an 
attempt to influence of 
emotional factors upon these functions 
and resultant pathophysiological _ re- 
Many of the phy siological 
functions as well as the psychological 
states deserve more detailed discussion. 
Some areas for further investigation 
have been touched upon with empha- 
sis upon the need for correlative studies 
of both physiological and emotional 
influences. 
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MYASTHENIA GRAVIS: REVIEW OF RECENT ADVANCES WITH 
REPORT OF CASES SEEN AT SINAI HOSPITAL OF DETROIT 


By Josepu M. Oprennem, M.D. 
SINAL HOSPITAL OF DETROIT, DETROIT. MICHIGAN 


sum total of knowledge con- 
ning mvasthenia gravis has been 
nificantly increased over the past 
vears. It is the intent of this com- 
nication to present a review of cur- 
t concepts relating to diagnosis, 
thophysiology, pathology, and treat- 
nt of this disease, illustrating some 
these with summaries of cases hos- 


lized at Sinai Hospital, Detroit. 


Case Reports CASI ] (c.a.). This 14- 
ld color female was admitted for 
stic study There was a_ history of 


f both eyelids and occasional diplopia 
duration. Shortly before hospital- 
physician had administered Pros- 
intramuscularly and noted marked 
vement of the bilateral ptosis. She was 
Prostigmin orally. Two weeks prior to 
ssion to Sinai Hospital on January §8, 
ill medication was discontinued. Ex- 


years 


ition at the time of hospitalization re- 
“slight drooping of both upper eyelids, 
marked on the right.” Hemoglobin, 
blood count and differential were nor- 
Examination of the urine revealed no 


nalities. The Mazzini test was nega- 
Pulse and respiration were normal. 
was no disturbance in speech and no 
ity in mastication or swallowing. 


sulfate in a dosage of 5 grains every 
rs was administered, beginning on Janu- 


ary 12, 1955, and ending on January 15, 1955 
This did not result in aggravation of symp- 
toms. She was discharged on January 15, 
1955, with a provisional diagnosis of myas 
thenia gravis. 

Subseque nt course. Contact was not main- 
tained after her discharge and no information 
as to her subsequent course is available. 

CASE 2 (J.P This 20-year-old unmarried 
colored female was admitted to Sinai Hos- 
pital on May 31, 1955, complaining of gen- 
eralized muscular weakness and diplopia of 
{ weeks’ duration Examination showed a 
weakness of the left lateral rectus muscle. 
The patient was a known myasthenic, her 
illness having begun in 1952, approximately 
3 months after she had given birth to a 
normal healthy full-term infant, when she 
began to complain of ease of fatigue, gen- 
eralized muscular weakness, difficulty — in 
swallowing and in holding her head erect 
She responded well to treatment with 15 mg. 
of Prostigmin and % grain of ephedrine sul- 
fate four times daily. She had no further 
difficulty until the onset of diplopia and 
weakness 4 weeks prior to this hospital ad- 
mission. A chest roentgenogram was reported 
as showing no abnormalities. However, barium 
swallow was not done. Basal metabolic rates 
were reported as —24 and —29% on two 
successive tests. Serum cholesterol was 210 
mg. per 100 ml. Mazzini test was negative. 
Hemoglobin determination was within normal 
limits and there was no sickling of the red 
blood cells. The white blood cell count was 


( 107 
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(21 
shat 


LOS 


M 


| he 


AP per cC.mim ind urinalysis was re ported 


“bacteria and a few 


Wil W BC Dos 
tf Prostigmin and ephedrine were in 
iS to five times daily and it Iprovement 
symptoms and weakness occurred 
tS hours Che pati nt was ilso. started 
f Proloid daily, beginnin 
6, 1955. She was discharged on = June 
{ ent ure She has nti ed ¢ 
\ the dosace that 
vas taki t the time f hospital 
| 
ASI N.K This 17-vear-old white fe 
tted to Sinai Hospital 
() 1956. because of eneralized 
Knes Her mother stated that she had 
weak baby She had hiculty in 
the bottle ind whe thre hole 
were eniar’e | choke 
S did not begin to walk until 16 
I ( Durin childhood she wa 
to keep up with other children het 
runnir She ha 
r the vears by several doctor ind 
lefinite diagnosis had not hee 
I the possibiliti s of uscular dy 
iunvotoni ngenita were 
y ge had began to have incn 
veakness of the evelids and of the voice 
i tv in swallowing. This seemed t 
e tow rd the end of the lay She 
test dose Prostigmin inti 
physician's othce prior to thi 
I I 
| dra iti l rovement 
spitalization she was giver 
llow and observed fluoros« pl lly 
5 reported as showing “vallecular and 
was lone ind reported iS 
lectromyogram of right deltoid 
interior tibial gastrocnemius 
strings revealed no myopathic or 
t tivity.” 
lreatment was started with Mestinon on 
rc} > 1956, beginning with a dosage 


SSIVE ly 


on M ir h 


r times daily 
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tole ranece 
unvlase 


iosph tase 


minutes 


test was normal 
determinations, as 
determinations 


range Bromsulphalein 


and the bas il 


is Roentgenogram of 
olon and films of the chest 
nalities. Twenty-four hour 
teroids excretion was within 
pitali ation thie dosage ot 
lication ( Probanthine was 
ed nad the dosace of 
vely increased. Proban 
on December 1955 
ed on December 14, 1955 
i dosae ol 1.0 me 

She was improved 
H | admission. She was 
Mlav 13, 1956, because of 


ihdominal pain Shortly after 


] 


December 
had 
clinical 
results of 1-131 uptake 

wa 


rst with Papazole and 


discharge on 
of thvrotoxicosis 


| 


basis of 


determina 


t the time of this 
cre thdominal pain 
generalized 
etabolic rate at this 
frequent administration 
ruired tS well iS 
tary irenteral adminis 
raphy it’ this 
t ot i common 


ber 7, 1956. the 


was reduced to 


for its removal, f 
i tribe Was per 
Blood) transfusion 
vely on Mav 28 


ind Ink the 


eriod Prostigmin was 
y. © June |] L956 
vedication. She 
June 25, 1956 
misston She Was 

st 25. 1956. with a 
serum jaundice 
rtisone was started on 


ge of 25 me. every 
dosage 
to 12.5 


me. every 


we ak- 


reasing mus¢ le 


suigmin was increased 
the pre-hospitalization 
left at the pa 


taken when 


tember 25 


Was 
necessary 
1956, the 
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every 6 hours and instructions were left for 
the patient to be awakened daily at 2:00 
um. for oral administration of 7.5 mg. of 


Prostigmin 
} 


Sul 


During the next 3 days frequent 


cutaneous administration of  Prostigmin 
was necessary because of marked respiratory 
difficulty. The 
while progressive ly reduced and discontinued 
1956. On October 2, 1956, 
there was less respiratory difficulty but more 


marked noted. On October 12 


dosage of cortisone was mean- 


on Sept mber 27 


ptosis was 


1956 Prostigmin was discontinued and 
treatment with Mytelase started. This was 
begun at a dosage of 12.5 mg. five times 
daily and progressively increased. She was 
discharged on November 4, 1956, with good 
control of the myasthenic manifestations. She 


was then taking 7.5 mg. of Prostigmin in the 
morming upon arising and 37.5 mg. of 
Mytelase at 9:00 a.m., 1:00 p.m., 3:00 p.m 
and 10:00 p-m 


She 
fluctuations in the 


Subse quent course has continued to 


have periodic severity of 


myasthenic manifestations requiring periodic 


adjustment of medication dosage. Fairly good 


control has been maintained with Mytelase. 
CASE 6 (MLK This 43-vear-old white 
female, known myasthenia gravis patient, 


was admitted to Sinai Hospital on August 26, 
1955 had established 6 


when she had complained of 


The diagnosis been 
weeks earlier 
profound muscular weakness, slurred speech, 
difficulty in swallowing, and _ bilateral ptosis 
these 
present tor ipproximately 18 
had 


getting 
Te ve ale d ho 


lo some degree symptoms had been 


months and 


been more severe. Examination 
refle 
ibnorm the 
test Retention of 
swallowed barium in the valleculae and _ pyri- 


the re- 


muscle atrophy and no 


Or sensory ilities Response to 


Prostigmin was dramatic 


form sinuses was demonstrated, and 
tention was promptly evacuated after subcuta- 
There 
was no roentgenographic evidence of thymic 


Blood 


abnormalities 


neous administration of Prostigmin. 
urinalysis re- 
the 


range ot 


enlargement count and 

basal 
normal 
Prostigmin was satisfactory 
but re- 
quire ments for medication thereafter rapidly 
increased. Three weeks after the diagnosis 
had established, it was necessary for 
her to take 45 mg. of Prostigmin every 3 hours 
around the clock to pe rmit deglutition of food 
and to prevent marked respiratory distress 
At the time of this Sinai Hospital admission, 
1 mild upper respiratory infection had aggra- 
the manifestations. It be- 
came necessary to administer 60 mg. of Pro- 


vealed no and 


metabolic rate was within 


Re sponse to oral 


during the first week of treatment, 


been 


vated mvastheni 


— 
— 
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stigmin orally everv 2 hours around the clocl 
is wel na subcutaneously before eacl 
Q) pt mbe r 1955 37.5 mg ot 
WIN 8077 now known as Mytelase was 
substituted for the 2:00 p.m. and 6:00 p.n 
S f Prostigmin. On September 3, 1955 
ral irenteral Prostigmin were disco1 
tinued 37.5 mg. of WIN 8077 \Mvtelase 
wert ery 4 hours around the clock 
S| iit rove ent was noted followin 
of this dru: ind) muscarinic 
S\ were minimal consisting only t 
slightly increased salivation. On September 8 
iplained of pain nd a tooth 
T( ind to have ul interdental 
t bscess. Intramuscular penicillit 
l Wa started it this tim On 
sept ber L955, the ibscess was incised 
lrained. Because of the severity of the 
wasthenl naniftestations the dosa ( 
WIN 807 \Ivtelase ) was rapidly increased 
Q) Sept r 20. 1955. sh was takin 5 
| round the clock and 
in subcutaneously before ¢ 
SI \ charged on September 
Subsequent urse Followir 
trom 91 iH spital she w iS idvised to take 
phedr sulfate. % grain, three times daily 
is Wwe upplementary potassiun hloride 
In litior to her other medic ition Since 
Nove 1955 she was tre suently 
and treated at another institution. Sh 
severe | frequent weakness dysphagi ind 
I t LiStress wl wh were not ly 
le t v tl large amount of administere 
inti ol terase medic ition Roentgen-rat 
thera] er the interior nediastinum wa 
idm tere in November, 1955, and il 
subsequently in June 1956. On each occa 
sion 600 was administered in divice 
dosa Cl s-dlay period Phe lise e con 
tinue t be iarked by fre juent er] 
tions il Was parti ularly iggraval by 
respiratory infections. In January, 1957 
thi rse Roentgen-ray ther ipy was 
igain lministered in the same mannet is 
previ ly. In July, 1957, spontaneous ecchy 
Se ppe ired and she be gan to notice more 


marked we ikne Ss iS well 


iS marke d pallor 


hematologi« il studies. i diagnosis 


of acute monocytic leukemia was established 
Death from cerebral hemorrhage ensued. At 
necropsy iddition to the leukemic manifes 
tations the microscopi findings in skeletal 
muscle wer reported is. follows “There 
are definite ch inges in muscle, focal in nature 
consistil degeneration, loss of striation 
incre eosinophils, and_ proliferation of 
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sarcolemmal el Recent necrosl ot 
nt indiltrati 

mphocvtes. ire misistent wit 

mvasthenia 

Cases. 


Discussion — of sma 


group ot cases wide Var 


tion in age of occurrence of the di 
as well as in degree of 


In Case 


infancy, ane 


the lise LS¢ 


apparently be 
1 in Case 4 it fir 


gan in 


manifested itself it the ot 
Enlargement of the thymus was. m 
demonstrated in any of thes patie 


by means of standard chest roentgen 
with orally 


evide nce 


grams. Roentg« 


ministered barium for 


thymic enlargement and tor evidet 


of vallecular and pvriform sinus 
retention was carried out in 3 case 
Cases 6 ) wd | 


ithout 


] ] 
and reveal 
icle nce 


the 


barium retention 


enlargement in 2. of 


and ) 


thymic 
Cases 6 
Therapy with Prostigmin alone w 

idequate m one case Case ) ( 


6 represents a severe fulminating ty 


of mvasthenia gravis. not associat 
with thymoma, and responding ina 
quately to treatment with antichol 


esterase medication 


slight) th 


Roentgen-ray 


ind pe rh tps 


follow 


therapy over the ar 


Although rar ath 


this patient occurred from another « 


rior mediastinum 


there had been 
in the 


disorde} ( ) 


Case, Progressive 


CTeAaSe severity of the mvasthe 


represents an exam 


of juvenile myasthenia gravis. On 
basis of the histo the disease 1 
well have first manifested itself in 


fancy. The mother was nonmvasthe 
This patient has responded verv WV 
Mestinon. This 


in accord with 


to treatment with 
orable response 1S 
observations of Teng and Osserma 
who have stated that in their experi 
the juvenile type of this disease 


sponds well to treatment with Mesti 


verity 


4 
| 
| 
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has a_ better prognosis than the 


ise ll thy idult 


sal metabolic determinations were 
n all cases but one (Case 4 

t these Cases |] } and 6) the 

minations were within normal 

In ¢ thyrotoxicosis. which 
itter the diagnosis of mvyas 

ha ravis hy id Ch established was 
with Tapazole and subse 

tly with 1-131. It is of interest that 

erbations of mvasthenic symptoms 

rred tollowing treatment of thvro- 

Ot interest also in this Case 

e fact that there was an exacerba- 

myasthenic symptoms on a sub 

it hospital admission during 
went of homologous serum jaun 

vith cortisone 
bjiect of the relationship of 


ictivity to mvasthenia gravis 


oked considerable interest and 
tigation. Although muscular weak 
ha been observed Ih patients 
thyrotoxicosis, this weakness is 
f the mvasthenic type and is not 
lly improved by administration 
ticholinesterase medication. The 
nt occurrence of mvyasthenia 
thvrotoxicosis, though not 


has been observed and re 
Millikan and Haines™ 


estimated that the incidence of 
thvroidism betore, during and 
detectable mvasthenia gravis is 
mately 5 Some observers=":*! 


commented upon the frequent 


relationship between the 

Cas It has been noted that 
cases When myasthenia gravis 
eceded the thvrotoxicosis, the 
ft the latter resulted in a lessen- 
the severity of the former. Treat- 
of thyrotoxicosis in such cases 
some instances resulted in 
ing of the myasthenia gravis. 


ver, this relationship is not a 


nt on Feinberg et al. have 


ted upon the relationship of myas- 


thenia gravis and myxedema, observ- 
ing that this combination in their 
opinion is exceedingly rare. They re 
ported 3 such cases. In 2 of these the 
myxedema was spontaneous in 
the third it was iatrogenic. They do 
not agree with the concept of a “see- 
saw” relationship between hyperthy- 
roidism and myasthenia gravis and 
suggest that treatment be directed at 
correcting the abnormalities of each 
disease. They suggest that the relation- 
ship between disorders of the thyroid 
gland and myasthenia gravis are more 
than coincidental. 

Diagnosis. Frequently the diagnosis 
of mvasthenia gravis can be made 
quite readily on the basis of the clinical 
features of the disease and prompt 
improvement upon administration of 
anticholinesterase medication. Such a 
situation is exemplified in Case 6. In 
contrast, a very mild or equivocal case 
may present considerable diagnostic 
difficulty. This is exemplified in Case 1. 

Case 4 was admitted’ primarily be 
cuuse of incarcerated inguinal 
hernia and, therefore, no problem of 
diagnosis existed. However, this case 
does emphasize the importance of 
prior knowledge of the existence of 
mvasthenia gravis in patients for whom 
surgery is contemplated. In such situa- 
tions, additional parenteral treatment 
is frequently necessary during surgery, 
especially if the use of muscle relax- 
ants is anticipated. Indeed, the possi- 
bility of myasthenia gravis should be 
thought of in any surgical patient who 
develops profound muscular relaxation 
or respiratory difficulty upon adminis- 
tration of small quantities of muscle 
relaxants. In essence, such a response 
mav be considered a diagnostic test. 

|. PROSTIGMIN TEST AND PROVOCATIVI 
rEST WITH MUSCLE DEPRESSANTS. In 
1935, Viets and Schwab"? introduced 
the Prostigmin test for myasthenia 
gravis and this test has remained a 


| | 
| 
| 
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most useful, safe and simple diagnostic 
procedure that can be carried out 
readily at the doctor's office or in the 
patients home. The technique of this 
test is well known. In patients with 
minimal manifestations of the disease 
however, this test mav not show de 
monstrable muscle improve ment and in 
such tests with 


cases provocative 


quinine or curare may be diagnostic 
Provocative tests may be dangerous, 


however, and should not be under 
taken without appropriate precautions 
treat 
ment in the event of severe ré spiratory 
dithculty 


Che significance of response to chem- 


and arrangements for prompt 


ical agents is illustrated in all of the 
cases reviewed. In each of them there 
was improvement following adminis 
tration of In Case 


l, because of a paucity of symptoms 


i stimulating drug. 


or signs upon cessation of treatment 


with Prostigmin, a depressant drug 
(quinine) was administered for sev 
eral days without significant clinical 


worsening, raising some doubt about 
the actual presence ot the disease, o1 
indicating transient 


perhaps sponta 


neous remission in a very mild case 
of myasthenia gravis. 

It has been pointed out in recent 
publications that some patients with 
tvpical manifestations of myasthenia 
Gravis may not respond to Prostigmin. 
The cause for this failure is not ap- 
parent 


made that such patients may have had 


and the suggestion has been 


polymyositis or muscular dystrophy. 
Osserman*! has indicated that this ap 
parent paradoxical situation may be 
explained on the basis of the fact that 
in many mvasthenia 


cases of oravis, 


necrotic and inflammatory muscle 
changes resembling those seen in mus- 
cular dystrophy and in myositis have 
been demonstrated. Furthermore. re- 
sponsiveness to anticholinesterase drugs 


may vary greatly in individual cases. 
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He concludes, therefore, that any Syl 


drome of muscle weakness unaccom 


panied by alteration of tendon reflexe 
in which streneth 


administration of ade quate amounts « 


upo 


Prostigmin or Tensilon, should be con 


sidered to be myasthenia gravis. | 


cases showing typi al manifestations of 


mvasthenia gravis with no response t 
adequate anticholinesterase treatment 


classification remains obscure. Row 


land*” has stated that such exc ptions 


do not detract from the general us: 
fulness of the Prostigmin test. It = h 
stated that in 
myasthenia gravis initial unresponsive 
| 


hess reversed 


been CAaSCS 


upon subsequent re 
testing 
2. TENSILON TEST. In 1951, Westerber 


ef 


of 3-hydroxvphe nvitrimethvlammoniun 


investigated the effectiven¢ 


chloride (Tensilon) in 9 patients wit] 
myasthenia gravis. This drug w 
shown to have th property ot eftect 
ing prompt but brief. transient it 


provement upon intravenous admin 
tration. Side effects were minimal an 
the drug appeared to exert. its ber 
ficial effect regardless of premedicati 
with other anticholinesterase medi 
tion. However, because of rapid dis 


pation ol therape utic effect, it appeal 


that this drug had little to offer in the 


practical long-term management 

this disease 
Utilizing thes 

Osserman 


the di 


Tensilon 


Kaplan devised a test for 


erties of 


characteristic prop 


nosis of myasthenia gravis based upot 


response to an intravenously adminis 


tered dose of this drug. The techni 


was later revised and, in a subsequ n 


report’’, it was indicated that, on th 


basis of response to fractionally 


ministered doses of Tensilon in 


venously, the diagnosis of mvasthe iia 


gravis could be established or exclu 
with rare exceptions. It has b 


demonstrated that the myasthenic s 


ct so tested shows prompt temporary 
crease in muscle strength and sub 
ctive improvement without muscle 
ciculation. The normal subject so 
sted usually shows fasciculation with 


t increase in muscle strength. In the 


vchoneurotic with abnormal fatiga 

litv, tavorable effects with intrave 

usly idministered Tensilon can 
1] 


uiliv be duplicated by a placebo 


Phe usefulness of this test is further 


ttested by the fact that at times, with 


t such test, there might be difh 
ty n the differential diagnosis 
tween m\ isthenia gravis, psvchoneu- 

ind such diseases as bulbar paral- 

isolated cranial nerve palsies and 
sclerosis Such diagnostic 
blem might at times present 
Ives by virtue of the fact that 
triated muscle in the body may 
flected in myasthenia gravis and 
ISCase nav thus resemble other 
rolovic i entities The 
ilso useful in differentiating the 
piratory crisis which result 


ier from overdosage with anticho 


Tensilon 


esterase drugs (cholinergic crisis 


from undertreatment in severe ful 
uiting myasthenia gravis. This is es- 
cially pertinent when there are un 
inable or vague histories with ret 
ence t previous medication. In such 
tances tiie crisis is associated 


h undertreatment, there is prompt 


ient improvement following intra 
us Tensilon and, on the basis of 
response idequate intensive treat 
ent with longer acting medication 


vy then be instituted. If the crisis is 
e to excessive cholinergic treatment, 
travenous Tensilon results in a_ brief 
t transient worsening. It is of inter 
that this principle of utilizing a 
pidly acting and quickly dissipated 
ilagous drug to differentiate between 
dertreatment and overtreatment has 
en effectively applied. recently in 
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problems relating to evaluation of car 
diac arrhythmias in heart failure in 
digitalized patients*'. Such tests have 
great merit when properly used, and 
information thus obtained may at times 
be lifesaving. 

3. DECAMETHONIUM TEST. Response 
to intravenously administered De 
camethonium mav serve as a test for 
mvasthenia gravis and for differentiat- 
ing it from other diseases>. This test 
is based upon the fact that this drug, 
which produces depolarizing neuro- 
muscular block in the normal subject, 
produces a somewhat different and 
variable response in patients with 
myasthenia gravis. Two main types of 
response have been described. First, 
there are those muscles which are 
extremely resistant to the depolarizing 
action of Decamethonium and can tol 
erate many times the amount of the 
drug required to cause paralysis in 
the normal subject. At the other ex 
treme, rapid paralysis may occur upon 
administration of Decamethonium§ to 
a myasthenic subject. However, in 
contrast to the normal subject this 
weakness can be rapidly reversed by 
administration of —anticholinesterase 
medication: this in the normal subject 
results in aggravation of the weakness. 
It has been postulated that in the sub- 
ject with myasthenia gravis this drug 
produces first a brief, fleeting depolar- 
izing block which subsequently changes 
to a nondepolarizing block, the so- 
called “dual response” 

More recently, Churchill-Davidson* 
has reported a diagnostic response to 
this test in 42 cases of myasthenia 
gravis. He considers this test superior 
to the Prostigmin test as a diagnostic 
procedure because some cases of 
myasthenia gravis may fail to show a 
convincing recovery or improvement 
upon administration of Prostigmin. He 
considers the Decamethonium test to 
be of particular value in distinguishing 


1; 
1; 
] 
ill 
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early mvasthenic weakness from hys 
terical weakness. Perhaps more signifi 
cant is the tact that the test has been 
useful in investigating other diseases 
with muscle weakness which at times 
show improvement upon treatment 
with anticholinesterase drugs. Thus he 
has reported negative tests in 7 cases 
Of dermatomvositis and 2 CaSeS ot 
thvrotoxic myopathy 

$, ELECTRICAL AND MECHANICAL 
riVITY OF MUSCLES. in a histori 
cal review of mvasthenia gravis points 
out that Jolly was the first to analyze 
muscle reaction in this disease. Jolly 
demonstrated the characteristic rapid 
fatigue of affected muscles upon con 


tinuous or repetitive faradic stimula 


Following the introduction of Physo 
stigmin and Prostigmin in the treatment 
of myasthenia gravis, it became possibl 
to demonstrate improvement in muscle 
strength after administration of thes¢ 


drugs Lindsley demonstrated 


that tension developed by singh 
twitches in myasthenia gravis patients, 
could be increased following adminis 
tration of Prostigmin. In 1952, Botelho 
et al took electromyvograms of the 
orbicularis oculi muscle in patients 
with myasthenia gravis and demon 
strated progressive decrease in ampli 
tude of successive action potentials fol 
lowing repetitive stimulation of the 
motor nerves. As has stated, 
these observations are significant and 
reliable but such testing requires 
elaborate techniques and does not lend 
itself to routine clinical use. More re 
cently, Botelhot has described a tech 
nique permitting utilization of simulta 
neously recorded electrical and me 
chanical activity. On the basis of tests 
upon patients with myasthenia OTavIs 
and upon partially curarized normal 
subjects, she concluded that with slow 
rates of stimulation, tension changes 


are more accurate indices of muscle 


weakness than changes in action po 
tential. She demonstrated further that 
administration of Prostigmin to mvyas 
thenia gravis patients resulted — in 
increase in muscle strength as demon 
strated by increase in muscle contrac 
tability without accompanying increase 
In action potential She interpre ted this 
to indicate that weakness in mvasthenia 
gravis may in part be due to changes 
in contractile ability apart from 
changes in neuromuscular transmission 

Eaton and Lambert in a recent 
study have shown that electromvyo 
graphic patterns of a type seen in 
myasthenia gravis: namely progressive 
decline and variation in the amplitude 
of successive potentials mav be ob 
served in imyotrophie lateral sclerosis 
poliomvelitis and in other conditions 
and that this defect in’ transmission 
may in such cases be reversed by 
Tensilon Ol Prostigmin and be 
tuated by curare. Thev have. therefor 
stated that, in their opinion, positive 
results in tests for myasthenia OTAVIS 
with Prostigmin, Tensilon, and curare 


lve pathognomoni 


are not in thems« 
of myasthenia gravis. They have ce 
scribed 6 cases in which muscle weak 
ness and electromyog1 iphic tests sug 
gestive of myasthenia gravis wer 
associated with intrathoraci malig 
nant tumors of nonthyvmi origi 
However although these cases were 
characterized by electromvog iphi 
tests similar to those seen in mvas 
thenia gravis, muscle weakness and 
sensitivity to curare, it is noteworthy 
that mn these cases response to Pro 
stigmin was poor. It may be inferred 
therefore, that such a combination of 
clinical and laboratory features should 
alert one to the possibility of the 
presence of intrathoracic neoplasm of 
nonthymic origin in evaluation of sus 
pected myasthenia OTavis. 

There have been other recent ret 


erences to muscle Wwe akness associated 


\ 
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vith various types of carcinoma, in- 


+} 


luding bronchogenic carcinoma, show 


ne varvinge degrees of response to 


rostigmin 
Pathophysiology. 1. 
RANSMISSION. It is generally believed 
it the detect in myasthenia gravis 
onsists of an alteration of neuromus- 


ular transmission. In the normal sub 


ect. skeletal muscle contraction is as 


ciated with the following sequence 
f events pon stimulation of a motor 
erve there is release of acetylcholine 
the nerve « ndings The muscle end 


te ire. then depolarized by the 


tion of released acetvicholine. Knd- 
te electrical potential is then initi 
d. causing muscle fiber contraction 
\ result of the action of the enzvme 
etvicholinesterase, which is present 


acetvicholine 
broken down into acetate 


t the motor end plates 


and ( ho 


aT RY polarization of muscle fibers 
llows and the muscle fibers thus 
un becom susceptible to depolar 
tion. As a result of the action of the 
me cholinacetvlase, acetvicholine 
esvnthesized) from choline and 


etate nd can then be released in 
subsequent nerve stimu- 
It is to be noted that polarization 
repolariz ition of muscle cells is 
timately associated with electrolvte 
fts and that electrolvte disorders may 
itly influence muscular activity. 


Iwo types of neuromuscular block 
hye 


} 


produced in man: depolariza- 


locks and nondepolarization 
ks. The former may be produced 
such drugs as acetvicholine, deca- 
thonium succinyvicholine, and 
latter by curare and related com- 


ls. On the basis of experimental 


of compounds in these two cate- 
ries in normals and in subjects with 
sthenia gravis, some light has been 


d on. the 


nature of the defect in 
sthenia gravis 


\s a result of the studies of Grob, 
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some of the differ- 
ences in neuromuscular transmission 
between the 


Johns and Harvey 


normal subject the 
patient with myasthenia gravis have 
been elucidated. These 
studied the 
muscle 


investigators 
response of stimulated 
both groups of subjects fol- 
lowing administration of acetylcholine, 
curare, decamethonium and_ choline. 
They observed that in normal subjects, 
as well as in patients with myasthenia 
gravis, intra-arterial injection of acetyl- 
choline, followed by electrical nerve 
stimulation, resulted in a brief trans- 
ient stimulation of muscle activity, fol- 
a transient depression of 
attributed to 


the depolarizing action of acetyicho- 


lowed by 
activity which could be 


line. This was followed by a tempor- 
ary recovery of muscle potential, and 
prolonged “late” 
depression of induced potentials lasting 
30 to 60 minutes. Since the late depres- 


in turn by a more 


sion did not begin until several minutes 
after intra-arterial injection of acetyl- 
choline, and since this depression lasted 
for as long as one hour (long after 
hvdrolvsis of acetylcholine had oc- 
it was postulated that the 
late depression might be caused by the 
action of a product of the hydrolysis 


of acetylcholine. 


curred 


Accordingly, sodium 
acetate and choline chloride were sub- 
sequently separately injected and their 
effects were observed. Although sodium 
acetate thus injected had no effect, 
choline chloride produced prolonged 
depression of induced potentials which 
resembled the late produced 
by acetylcholine in both normal sub- 
jects and in with myasthenia 
gravis. However, while Prostigmin 
accentuated the acetvlcholine-induced 
prompt depression of muscular activity 
in both the normal subject and the 
myasthenic (indicating that a depolar- 
izing block existed), it reversed the 
late depression in the myasthenic 
only. In myasthenia gravis patients 
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— 
choline-induced reductions 


potential 
were reversed by Prostigmin or acetv| 
choline, whereas in the normal subjects 


they were potentiated by the 


proce dure. Thus choline, when adminis 


tered in the above manner. has been 


shown. to reproduce the myasthenic 


gravis, but not in normal subjects. This 


led to the 


in patients with myasthenia 


issumption that the mecha 
detect in 
might be that of 


‘acetvicholing 


nism responsible for the 


mvasthenia OTAVIS 


competitive inhibi 


tory block produced by choline re 
Sed normal Manne during 


neuromuscular transmission 


Phe observations ol Churchill 
Davidson and Richardson, referred to 
ibove, demonstrated the difference be 
tween the re sponse ol normal subjects 
and myasthenia gravis patients to the 
blocking agent decamethonium. In 


udies utilizing electrom ograph 


volitional measurement of 


Miuscul 


vitv following intravenous 
idministration ot decamethonium 
both groups of subjects, they con 
this drug behaves like a 
depolarizing agent in normal subjects 
and behaves ultimately like 


tive blocking agent 


a compet 
in patients with 
mvasthenia gravis. Thev noted that the 
dual re sponse’ obs rved by them upon 
administration of decamethonium to 
mvasthenia gravis patients was anala 
‘prompt’ and the “late” 
depression observed by Grob et al." 
following 


VOUS to the 


intra-arterial 
acetvl holing 


injection — of 
. Their observations, there 
fore, also led them to the inference that 
the pathophysiological basis of myas 
thenia gravis is an alteration in the 
response of the motor end-plate to 
acetylcholine or to a product of | its 
hydrolysis 

2. CIRCULATING CURARE-LIKE SUB 


STANCI Phe concept of a circulating 
curare-lik substance, possibly of thymic 


origin, as a cause of myasthenia gravis 
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Was postulated following 
sembled curare poisoning and the ob 
served frequency of thymic abnormali 
This 


eftective 


ties in this diseass concept 


resulted an therapeutic 
approach to this disease, but thus far 
has not been substantiated as a causs 
of it. Churchill-Davidson™ has pointed 
out that thus far no extracts from. th 
serum or thymic tissue of mvastheni« 
patients have been found that can re 
produce all of the observed character 
istics of curare-induced neuromuscula 
block; namely 

ol the block upon 


Prostigmin or Tensilon:; (2) the 


prompt reversibility 

idministration of 
rreatey 
ability of slow stimuli to traverse the 
block as opposed to rapid stimuli } 
the constant capability of muscle con 
traction upon direct stimulation, even 
though there may be failure to re spond 
to nerve stimulation 

Wilson and Wilson have had thi 
greatest experience with extracts from 
thymus glands removed from patient 
with myasthenia ravis ind have 
shown that these extracts can produce 
neuromuscular block in 
arations. Such block 
from. that 


and In curarized 


i pre 
diff rs 


OTavis 


howevet 
seen in myasthenia 
inimal preparations 
in that it is not reversed by Prostigmin 
Wilson" has also noted that thymus 
gland 
adults, obtained 
little or no 


action, 


extracts trom nonmvastheni 


NeCrOpsy show 
blocking 


cle OTe ot neuro 


neuromuscular 
whe reas the 
muscular blocking activity of extracts 


from glands removed from patients 


with mvasthenia gravis is correlated 
with the degree of postoperative im 
provement in such patients. It woul 
therefor that a 


capable of 


appear, substance 


causing neuromuscular 
block can be extracted from the thyvmu 
glands of with mvyastheni 


block thus pro 


resemble 


patients 
gravis, but that th 
duced 


does not curare 


Walker's"! 


astute observation that this disease re 


/ 
} 
rT 
{ 
i 
at 
m 
iti 
h 
iT 


een extracted from fetal 
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duced block. A similar substance has 
whale 


hyvmus. Extracts of other human tis 


such as lymph nodes and muscle, 
ve not been demonstrated to possess 
ch property 
Zack and Cohen? 
tracts prepared from the thymus 


testing acetone 


inds of patients with myasthenia 
ivis, as well as the thymus gland of 

normal child, and striated muscle 
1 normal spleens, noted that both 
etone-soluble and acetone-insoluble 
ctions of these tissues decreased the 
scle tension of an isolated frog sat 
ius muscle within 20 to 30 minutes. 
hen the 


indirect stimulation, it remained 


THUS le became inexcitable 


citable on direct stimulation. The 
tive material in the extracts was heat 


ble, dialvsable and was antagonized 


the addition of calcium chloride to 
extracts. It was noted that these 
tracts contained from two to twenty 
ee times the potassium concentra 
of frog Ringer’s solution, and that 
e concentrations of potassium were 
ficient in themselves to produce the 
erved muscle When 
] 


ivalent amounts of potassium chlo 


inhibition. 


were added to frog Ringer's solu 
inhibiting effects comparable to 
e observed with thymic extracts 
re obtained. Thev concluded that 
presence of large amounts of potas 
1 in the thymus gland extracts from 
sthenia gravis patients does not 
nit an evaluation of other possible 
tions in such extracts which might 
e muscle contraction inhibitory 
perties. 
Pathology. Until fairly recently, the 
pathological changes described in 
muscles of patients with myasthenia 
is have been lymphorrhages. In 
ition, the relatively frequent pres- 
of thymic disorders in this dis- 
has long been known". Querido”, 
irly as 1929, in a necropsied case 
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of myasthenia gravis, demonstrated 
degeneration of myocardial and mus- 
cular tissue as well as perivas¢ ular cel- 
lular infiltration with fibrous tissue 
proliferation. He noted similar changes 
in other organs suggested that 
mvasthenia gravis might be considered 
asa generalized vascular disease having 
the pathological characteristic — of 
chronic proliferating perivasculitis. 
More recently 


demonstrated changes in the myocat 


others?! ha 

dial and muscle tissue of patients with 
mvasthenia gravis. Russell has classi 
fied histological muscle changes in 


mvasthenia gravis as follows: 


Cases showing fibrinous 
crosis and inflammatory cel 
lular reaction, 

Type Il. Cases showing progressive 
itrophy of muscle fibers with 
late formation. of lvmphor 
rhages 

Type III. Cases showing simple atro 
phy affecting single fibers 07 


groups of 


\Ilendelow and Genkins=*, describ- 
ing the pathological changes in 12 con- 
S¢ cutive 


necropsies of myasthenia 


GTAVIS patie nts, reported necroti 
changes in the muscles and myocar 
dium in 6 cases. Myocardial changes 
were noted in each of 4 cases with 
thymoma. Rowland Eskenazi" 
have described a patient demonstrating 
ome features resembling muscular 
dystrophy and others suggestive of 
mvasthenia gravis. The patient re- 
sponded strikingly to Tensilon and 
Prostigmin and showed marked sensi- 
tivity to curare. Muscle biopsy showed 
foci of muscle degeneration and sarco- 
lemmal nuclear proliferation, which 
were interpreted as being compatible 
with the diagnosis of muscular dys 
trophy. The patient had marked weak- 
ness of the shoulder and pelvic girdles 


nt 

in) 
al 
pre 

ire 


LIS) The 


with waddling gait, lordosis and inabil- 
ity to arise trom supine or squatting 
positions. In addition, there was marked 
creatinuria, all factors compatible with 
muscular dystrophy. Features favoring 
mvasthenia gravis were minimal mus- 
cular wasting, presence of long-stand 
ing ophthalmoplegia, preservation of 
tendon reflexes, and favorable response 
to anticholinesterase drugs. 

Rowland et al.! 


Ings at nec rops\ 


reviewing the find 
in 26 cases of mvas 
thenia gravis reported skeletal muscle 
Some. otf 
these were perivascular in distribution 
Muscle fiber 
of shrinking, swelling and loss of stria 
Definite 


necrosis was present in } cases 


lymphorrhages in 16 cases 


abnormalities, consisting 


tion, were noted in 12 cases 


and 


was associated with leukocytic in 
filtration about the degenerating fibers. 

Antemortem tissue biopsies were not 
obtained 
VIewe dl 
Case 6 did 
skeletal 


the case summary. persistent islands of 


in anv of the presently re 
However. at necropsy 
show, in addition to the 


muscle changes described nh 


thymic tissue in adipose tissue consist- 
ing of epithelial and lymphocytic ele 
ments, with preservation of Hassell’s 
corpuscles. Although the heart showed 
cloudy swelling and some degenerativ: 
lipidic infiltration of mvofibrils, these 
changes were not considered to be at 
tributable to mvasthenia gravis. 

It must be observed that pathologi 
cal changes of the type described above 
do not occur universally in this disease. 
and In) themselves cannot be consid 
ered as being pathognomonic of myas 
thenia gravis. Perhaps, as suggested by 
Paterson more frequent histological 
study of biopsied muscle tissue in live 
patients with myasthenia gravis, utiliz- 
ing newly developed techniques, might 
help in elucidating the pathology and 
pathophysiology of this disease. He 
favors the concept that myasthenia 
gravis is not a disease of specific eti- 
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ology but a syndrome of variec 
etiology. 

The Role of the Thymus Gland it 
Myasthenia Gravis. Osserman*! has r 
stated that 


problem in 


cently ‘there is no mor 


confusing mvastheni 
gravis than that of the thymus gland 
and its relationship to myastheni 
Oravis. 
Viets”” 


aence ot 


emphasizing the large in 


thymic disorder in this dis 
ease, as well as the large inc idence of 
malignant thymomas in patients wit! 
asserts that the 


a significant rel 


thymic enlargement 
must obviously be 
tionship between the thymus gland an 
the disease myasthenia gravis. Just 
what this relationship mav be is not 
although it has 


served and reported that in mvasthenia 


apparent, been ol 


gravis patients with thymomas, thi 
disease is generally more severe?! 

It has been estimated'® that 50 t 
75% of myasthenia gravis patients hay 
enlargement of the thymus and_ that 
15% of this 


has been 


group have thymomas. It 
further that in 
of the cases with thymomas 

bevond 


there may be 
confines of the gland to surrounding 


estimated 
about 25% 
extension 
Reterence has been 


structures mac 


above to studies conducted with ¢ 
tracts of thymus glands from norm 
subjects as well as from patients wit! 
mvasthenia gravis 

As to the matter of 


ing from the surgical removal of th 


benefits result 


mus glands in patients with myasthen 


gravis, ,considerable difference 
opinion exists. The first successful 1 
moval of a tumor of the thymus gland 
in a patient with myasthenia gravis was 
reported in 1939°. Subsequently ther 
have been many reports of results of 
thymectomy in patients with myas 
thenia gravis. These have included op 
erations done for patients with and 
without thymomas. 


In an analysis of surgically treated 


| 
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es as compared with nonsurgically 


ited cases, considering age, sex, age 


onset of disease and duration of dis- 


e, Schwab and Leland*® concluded 


follows 


Patients with thymoma were gen- 
erally not benefited by thymec- 
tomy 

Best results from thymectomy oc- 
curred in female patients under 
10 years of age, who did not have 
thymomas and in whom the dura- 


tion of the disease was less than 


> Vears 
In male patients over 30 vears of 
ige, thymectomy did not favor- 


tbly alte I the 


disease 


1 


iton and Claggett'', in a review of 


present status of thymectomy in 
sthenia gravis analyzed — thei 
es of surgically treated cases and 


iedically treated control group, and 


pared their results with those of 


ers This study reveals 
t evaluation of “results” is frequently 
lifficult 


estigator may have a somewhat dif- 


matter, inasmuch as each 


as to what constitutes 
bad” result. They 


nt criterion 
ood” O! indi- 
that, although thymic disorder is 
iecessarily the cause of myasthenia 
is, they are attracted to the theory 
the basic disorder in endocrine 
tabolism which may be responsible 
also give 


myasthenia gravis may 


to changes in the thymus gland. 
val of the thymus gland, there- 
when their 


ion reverse the endocrine meta- 


effective. may in 


disorder with resultant lessening 
he severity of myasthenia gravis. 
conclude, from the evaluation of 


data, as follows: 


Thymectomy is of value in the treat- 
lent of female patients with myasthenia 
ravis who are less than 50 years of age 


nd who do not have thymomas. Thy- 
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mectomy is not indicated in such pa- 
tients if the disease has been prese nt for 
10 vears or more, and if the condition 


is Stahlonary or lmproving 


Although benefit) from thymectomy In 
male patients has not been generally 
noted, this Operation Is offered to male 
patients unless the surgical risk is too 
great 

3. Thymectomy for removal of thymic 

tumors, although it carries a relatively 

great risk to the 


sidered, provided there is no roentgeno- 


patient may be con- 
logical or clinical evidence of inopera- 
bility, and provided that the risk of 
surgical intervention Is not excessive 
The rationale for this attitude is the 
premise that, if unoperated, such pa- 
tients may die of their thymomas. where- 
is if they should survive the operation, 
they may do well as far as the myas- 
thenia gravis is concerned 


with inoperable 


kor patients 


thymomas, Roentgen 


the rapy is given 


The question as to why only females, 
and not males, may be benefited by 
thymectomy, and as to the variability 
of results from this operative procedure, 
both in with and without 
thymoma, remains unanswered. 


Treatment. 1. 


patients 


PROSTIGMIN. The era 
of eftective treatment of myasthenia 
gravis began in 1934 following 
Walker’s™ observation that the weak- 
ness in this disease resembled curare 
poisoning, and could be alleviated by 
the administration of the tertiary am- 
In the 


monium base, physostigmin. 
vear®* she reported more 


following 
favorable results following treatment 
with a newly available synthetic drug, 
the quaternary ammonium base, neo- 
stigmin. Neostigmin has remained a 
most effective drug in the treatment of 
this disease and may be administered 
orally or parenterally. The dosage de- 
pends upon the severity of the dis- 
ease and, in general, the drug is very 
effective. result in 
so-called “side effects” which are really 
manifestations of potentiation of endo- 
genous acetylcholine effects resulting 


Overdosage may 


il 

lj 
it 

il 
not 
} 
+} 
4 
no 
that 
+} 
lel 
rm 
Si 
t] 
thi 
ts ol 
ny 
d 
eated 


Z [ American Journal Of thre 


inhibition of acetylcholine hydrol 
Phes effects have been called 
scarin ettects and “nicotinic 
fect In addition, central nervous 
t ttects have also been noted 
AVE nic” or muscarine-like effects 


sisting of nausea, diarrhea. cramps 


nd vomiting, result trom smooth mus 


stimulation of the castrointestinal 


tract. Similar stimulatory effects on the 
bronchial musculature may produc 
bronchoconstriction and the effects 
upon the salivary and bronchial secre 
COr\ Clands may result in excessive sali 

itio1 nd bronchial secretion \Ivosis 


esults from the effects upon the pupils 


Central nervous svstem effects are viau 
iable nd mav consist of restlessness 

liness, headache. confusion stupor 
coma nd convulsions Nicotinic” ef 
tects consist of muscular weakness and 
fasciculation slurred speech and 
dyspl igia. Some of the disadvantages 
of Prostigmin in the treatment of mvas 
theni Oravis are its relatively short 
period of action, and of resistance to 
tl effects of the drug in severe cases 


of myasthenia In addition, there 
Is a Narrow margin between full thera 
effects. The 


peutic and tox 
iod of activity of the drug at 


OTAVIS 


relatively 


brief pei 
times necessitates rrequ nt administra 
tion around the clock in severe cases 
| 
sthenia OTAaVIS 


Phese 


Im severe 


disadvantages of Prostiemin 


mvasthenia gravis are exem 


plified IT} Cases 5 and 6. By 


contrast, 
etectivenes 


of this drug in a case of 


severity in an adult patient 


theania ora 


strated in 
2. =MESTINON PYRIDOSTIGMIN BRO 
\iIDI This drug is also a quaternary 
(dimethylearbami 


base 


ester of 3-hydroxy-] methylpyridinium 
bromide which was synthesized in 
1945 and has subsequently been found 
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to be 


of mvasthenia 


very effective in the treatmen 
gravis. Reports b 


Osserman**, Schwab and Timberlake! 


Pether™ and Westerberg et 
flect the wide interest in this dru¢ 
Osserman®* has found that althoug! 


\lestino 


idministration onl 


the duration of action of 


during daytime 
slightly exceeds that of Prostigmin, it 
nocturnal effect is greater, at times pe 
mitting a full nights sleep without 
severe morning weakness. The reaso1 
for this effect is not apparent. He ha 
also noted that this drug is more ef 
fective than Prostigmin in the reliet 
of the 


by the cranial nerves 


weakness of muscles innervate 

Another observed 
advantage of Mestinon over Prostigmi 
is the wider range between therapeuti 
effects 
fects can and do occur with Mestinor 


and toxic However, toxic et 
anticholinesteras 


Although he 


Mestinon to be superior to Prostigmin 


as with anv effective 
medication. believes 
in the treatment of myasthenia gravi 
he has stated that it is unlikely that 
\lestinon or any other anticholinester 
ise drug has been found to be effectiv 
in patients who are resistant to Pr 
stigmin. Teng and Osserman* consider 
Mestinon the drug of choice in juvenil 
mvasthenia gravis 

Formerly known 


chloride 


effective synthetic ant 


ALYTELASI 
WIN SO77 o1 


1953, another 


\Ivsuran 
cholinesterase compound 
available for the 
thenia gravis. This drug is now call 


\ivtelase. Chemically, it is N, N'-bis | 


Was 


treatment of mvya 


diethvlaminoethy] oxamide _ bis 
chlorobenzvlichloride It has been 
found to have a much greater ant 


than either Tensilon o1 


Prostigmin and _ its 


curare effect 
anticholinestera 
activity is approximately equivalent to 
Its duration of 
longer than that 


that of Prostigmin 


tion is considerably 


P) 
\\ 
ay 
() 
hy 
t 


re abdominal 
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Prostigmin, but only slightly greater 
n that of Toxic effects 
ur as they do with any other anti- 


\lestinon. 


linesterase medication. 


However, 
essive salivation is apt to occur be- 


cramps or diarrhea. 


rthermore, muscle fasciculation and 


idveardia mav also occur before ab- 


ninal Cramps 


and diarrhea. For 


well as because of 


reasons ats 


longer duration of action, this drug 


uld be administered with caution 

under close observation until re 
red dosage and patient response 
clearly established 


hwab 


atter 
fer from other medication, 59 out 


has reported that 
rroup of 75 patients preferred this 
although 17 of this group were 
ng it in combination with Mestinon 
Prostigmin 
Westerberg that in a 
p of 55 patients to whom she ha‘ 
n this drug, 7 found it to be ine! 
tive and 26 found it to be effective 
ntv-two of her patients found this 
to be either equal to or mor 
tive than other 


ication 


reported 


inticholinesterase 


ises 5 and 6 in our group noted 
tter relief of their symptoms after 

fer to Myvytelase, and required less 
juent administration of medication 
was the case when they were tak- 
Prostigmin. However, in both pa 
ts frequent supplementary adminis- 
on of Prostigmin, orally and_par- 
rally, was necessary because of its 
ipt effectiveness, especially during 
In Case 


d and maintained effectively with 


treatment was 
lase alone 


NEW DOSAGE FORMS OF PROSTIGMIN 


Schwab, 
rman and Tether*? have reported 


MESTINON Recently 


treatment of 
thenia gravis with specially pre- 


he effectiveness of 
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pared multiple dose tablets designed 
in an effort to lessen the frequency of 
administration of —anticholinesterase 
medication, particularly nocturnal ad- 
administered slow 


ministration. They 


release tablets of Prostigmin, contain 
ing three regular doses of 15 mg. each, 
as well as half-strength slow release 
tablets containing three doses of 7.5 
tablets of Mestinon 


were also tested. These forms of medi- 


mg. each. Similar 


cation are most effective in decreasing 
th frequency of nocturnal treatment, 
permitting longer intervals of uninter- 
rupted sleep. The special tablets of 
Prostigmin were tried in 85 patients, 


54 ol i 


whom « essed preference fo 
| 


this form at the onclusion of the trial 
period, Eighty-two of 109 patients who 
were tested with long-acting Mestinon 
tablets found them beneficial and con- 
tinned to take them after the conclu 
sion of the trial period. The average 


duration of effectiveness of these slow 


‘release tablets was found to be approxi 


mately 6 hours. 


5. NEW COMPOUNDS Osserman®! re 
fers to experimental work with new 
compounds produced by alterations of 
the Prostigmin molecule. Many modifi- 
cations have been tried in attempts to 
find a therape utic agent that will have 
effect 
toxicity than currently available drugs. 
There are to date insufficient data for 


a longer duration of and _ less 


evaluation of these compounds. 


6. ORGANIC PHOSPHORIC ACID ESTERS. 
Drugs of this category have been used 
in the treatment of myasthenia gravis. 
They differ from the quaternary am- 
monium compounds structurally as 
well as pharmacologically. The quater- 
nary ammonium compounds exert their 
therapeutic effect by virtue of a re- 
versible combination with cholinester- 
ase enZvmMeSs, whereas organic phos- 


phoric acid esters form a more lasting 


it 

\ 
n 
hat 
ti\ 
* 
id 
1} 
int 
1\ 
1] 
yIS 
be 

all 

Cl 

{) 
nt 
that 
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combination with these enzymes, which 
is frequently irreversible. Furthermore 


phosphoric acid esters are 


] 


generally highly soluble — in 


lipoid 


media and therefore have more marked 


central nervous svstem effects than 
the quaternary ammonium compounds 
which are highly soluble in 


AQ Ueous 


media nd nh general have much le SS 


effect on the central nervous system 


Therefore, the usefulness of these com 


pounds, is greatly limited by thei 
toxicity. Drugs of this group which 


been tried in the treatment of 
Gravis are tetraethy] 
TEPP), hexaethyvltetra 
HETP diisopropyl] fluoro 
DEP and 


have 
isthe 

D\ rophosph ite 
I 
nhosph ite 
i 


phosphate octamethyl 


pvrophosphoramid ONMPA Schul 
man eft 14 stated that 7 deaths in a 
group of 15 patients treated with 


OMPA were due to intoxication with 
this Kaplan 

their experience with this 
aru tound also that it is too 
to warrant its 


Osserman ind 
tox 
They 
transterred some of their more seriously, 
ill patients 


continued — 
who were nonre sponsiv 
to Prostigmin. to OMIPA. Of 12 patients 
Two deaths 
lue to cholinergic attributable 
to OMPA 2 deaths 


were attributed to malignant thymomas 


so treated. 5 died were 
CTISIS 


intoxication, and 


with metastases. The fifth death oc 
curred n uncontrollable mvastheni 
vho developed terminal bronchopneu 
moni These authors emphasized 
fact that the toxic effects of OMPA 
are muscarinic reactions, consisting of 
ilivat nausea, vomiting, increased 


diarrhea and diaphoresis, 
ind that even with the addition of 
sulfate these ettects 


were not sufficiently suppresse d to war 


itropine 


continued use of this drug 
The manutacture of compounds of this 


roul s attended with considerable 


al Sciences 
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hazard to the pe rsonnel so emploved 


and for this reason some of these com 
pounds have been withdrawn 

7. CORTISONE AND ACTH. Ina review 
the effect of thes 
\Merritt 


following 


hormone S on mVva 
noted that ] 


treatment 


thenia gravis 


most instances 
there was temporary exacerbation to 
remission 
lasting several wee ks to several month 
Grob and Harvey 


either 


lowed by. briet incomplete 


noted no 


ment during or after use « 


these hormones. and in fact observe 


exacerbations of the disease in a nut 


ber of patients treated. Torda an 
Wolf’ administered ACTH to patient 
with myasthenia gravis on the ba 
of the following rational 
1. Administration of ACTH cause 
shrinkage of thi thymus and « 
hances svnthe of acetylcholi 
2. Removal pituit ! 
in rats produce changes in tl 
electromyogral which resemb! 
those seen in tients with m 
thenia gravi 
They administered ACTH t each 
patients and btained 


remission in LO 
Only One patient t the pl 


I = r 
ently reviewed re eived cortis 
Case 5 It is not th t d I 
the period ot « t ea inistrat 
requirement for nt holinester se 
ication mncreased and persisted for 
proximately one week after rtiss 

Was discontinue 

Kane- in a discussion of the eff 
of endocrine nds on mvasthe 
gravis, tabulated the reported 
of treatment of this disease with 
sone and ACTH by many investigat 
He concluded that results with c 

thot 


some ire 


( 

( 

{ 
il 
el 
nt 
\ 


use of ACTH there may be initial 
rsening, slight) improvement upon 
sation of therapy, and times 
iking improvement cessation 


upon 
therapy. On the other hand, several 
have been 


\CTH ther 


(osserman 


iths reported during 


that 


tinst the use. of 


current 
ACTH 
per se. He 


observes 
mon is ag 
mvasthenia 


tes that its use may be indicated 


en a patient with myasthenia gravis 
thymic tumor 


disorder 


ill inoperable 
which in 
benefited by the ad 
nistration of ACTH 


premise of possible 


secondary 


lt would be 


Based Ol the 
orable effect of treatment. of myats 
lia Gravis with ACTH, the opera 


1 of carotid sinus denervation has 
tried in the treatment of this dis- 
The rationale for this operation 

sed upon animal experimentation, 
iting that carotid sinus denerva 


is followed by adrenocortical hy- 


trophy 
} 


Reports of this procedure 
een published by Thevenard et 


ind by Mertens 


The operation 


ommended as being indicated for 


ents who do not respond well to 


cal treatment and who have fre 
nt relapses. Referring to this opera- 


Viets 


ninimal ind 


has stated that its results 
that 
iwailable, the operation 


until more. in- 
ition IS 
rf be 


ROENTGEN-RAY 


re ommended. 
THERAPY tO THI 


asTINUM. Roentgen-ray therapy 


been used in the treatment. of 


sthenia gravis for many vears. It 
lemonstrated some degree of use- 


first. 
treatment of thymomas. In such 


ss in two groups of cases: 


the dosage 1S quite high, gen- 
3000 to 4000 r over a period of 


weeks 


In sorne 


{ 6 Remissions have been 


cases following such 
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radiation therapy alone. In others, it 
remission is not observed or sustained, 
Roentgen-ray therapy has been fol 
lowed by thymectomy 

Another field of usefulness of Roent 
gen-rav therapy is in the treatment of 
myasthenia gravis without thymoma. 
Roentgen-ray therapy is administered 
over the region of the thymus to the 
mediastinum on. several 


anterior sep 


arate occasions for a total dosage of 
approximately 600 r during each treat- 
ment period. This form of therapy has 
been used in all degrees of severity of 
times results in 


the disease and at 


satisfactory remissions. Case 6 dem- 


onstrates the temporary effectiveness 
of this form of therapy. 

Y. TREATMENT OF MYASTHENK 
AND Tether” re- 
cently summarized present-day treat- 


CRISIS 
CHOLINERGK CRISIS. 
and cholinergic 
treat- 
ment, appreciation of basic considera 
First, the 
to designate, in the 


ment of mvyasthenic 


crises. As a basis for effective 


tions is important, term 


“crisis” is used 
mvasthenic patient, a state in which 
there is sufficient failure of the muscles 
of respiration or deglutition, or both, 
that 
not be maintained without mechanical 
that ex- 
cholinergic 


to the extent their function can- 


aids. Secondly, it is known 


cessive administration of 
weakness 
that 


seen in undertreated or untreated my- 


medication may result in 


which clinically may resemble 
asthenic crises. In differentiating these 
two conditions, as well as evaluating 
the need for more medication, the 
test of 
above, is a most helpful procedure. 
that 


tracheotomy or a 


Tensilon Osserman, described 


Tether has recommended when 


crisis occurs, a 


tracheal intubation must be 
plished promptly. This permits an air- 
way through which secretions can be 


aspirated and oxygen administered. If 


accom- 


American Journal of thi 
breathing is inadequate the 

ti hould be placed ma respira 
| the presence ot excess secretions 
dia and mvyosis, atropin sul 

be administered. If no im 
nt follows, the Tensilon_ test 
done. If improvement fol 
this test th 


More 


crisis is probably 
vigorous anti 
instituted It. 


Tensilon test 


stheni and 
\olinesterase therapy 


lowing the 


lation occurs and other 


le 


avated, the crisis is prob 


ry] 
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When the 


foods, Huids 


holinergic. This is generally 
eat with repeated doses of atro 
ne sulfate. Cholinergic medication is 
scontinued until improvement occurs 
followed by a return of myasthenic 
ikness. at which time cholinergi 
iedication is cautiously resumed 


patient is in the respiratot 


ind electrolytes should be 


dministered intravenously and = ant 
biotic therapy idministered. When the 
yirator is not constantly necessary 


be feeding mav be started. The oc 


enc of atelectasis or bronchial 
bstruction mav necessitate bronchos 
yp life-saving measure. When 
cholinergic medication is again insti 


ited Tensilon tests. If medica 
ion cannot be taken orally, it may be 
subcutaneously o1 
intravenous fluids, as originally recom 


nded bv Viets' 


iven eithe 


requirements may be gauged 


with 


1958 


recognize cho 


taught to 
perhaps as diabetics 


should be 
linergic crisis 
learn to differentiate hypoglycemic and 
hyperglycemic weakness), and b 
given atropine or belladonna for prompt 


should 


atropine and 


situation 
arise. bella 
donna should not be taken regularly 


administration such 


Howevet 


inasmuch lS they mask Ol obscure 


the muscarinic s\ mptoms of cholinergi 


overdosage and permit precipitation of 


cholinergic crises 
Conclusions. 1. Careful clinical ap 
praisal and response to anticholines 


terase remain the basis for diagnosi 
in the majority of cases of myastheni 
gravis. At times, 1n very mild o1 equlvo 
cal cases, the use of a provocativ 
test, with quinine or Curare, may be 
Such tests should be 


appropriate care ind pre 


useful Carrie 

out wih 

caution 
Recent work h 


shed some light on the nature of th 


investigative 


pathophysiology of this 
the etiology remains obscure 

} New drugs, introduced during r 
methoc 


cent vears, as well as newe1 


of administration of medication, pai 
slow re lea 
offer in tl 


symptoms 


ticularly 
tablets 
management ol th 


multiple dose. 


have much _ to 


mvasthenia gravis 
1. The exact relationship of the di 


ease myasthenia gravis to the thymi 


gland and_ to the endocrine svste 


remMalls obs« ure 


Ginsberg, Abe 
t Sinal Hospital Det 
Russell N. Dejong, Martha 
Hospital Ann Arbor, Michigan 


pertaining to Case 6. I also wish to tha 


| 
of Medicine, Sinai Hospital, Detroit, for 


niversity 
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DIEN AM PANCREAS, By Dr 
| \ eR Becker, Pathological Institute, 
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Coup Inyury. Transactions of the Fourth Con 


ference, November 7, 8 and 9, 1955. Edited 
by M. Irené Ferrer, M.D. Pp. 371; 134 
ills. New York Josiah Macy 1 Foundation 
1957. Price, $5.95 


Tus volume, like the preceding three trans 


actions, 1s a stenographic report of a round 
table conference on cold injury. The partici- 
pants are investigators and clinicians ac tively 


eng iged 


in the field of hypothermia 


his report to a greater degree than the 


three preceding reports, contains information 


of immediate clinical importance For ex- 


ample there ire detailed data on the late 
effects of frostbite, the roentgenologi« changes 
in bones following cold injury in man, the 
resuscitation of frozen mammals, clinical 


ap- 
plication of hypothermia during open heart 
surgery, blockade techniques against ventric- 


fibrillation 


cerebral studies during local and general hy 


ular during hypothermia, and 


there are several 


cold 


pothermia. In addition, 


chapters on experimental injury in 


animals 
with free dis- 


The informal presentation 


cussion among the members makes the readet 
feel that he is actually sitting in on the con- 
These invaluable to 


any physician who is interested in cold injury 


ference transactions are 


and in the ipplic ition of hypothe rmia to open 
heart surgery N. 


MIANAGEMENT OF COMPLICATIONS IN” EyE 
SurnGERY. Edited by R. M. FASANELLA, 
M.D., Chairman, Section of Ophthalmology, 
Yale University School of Medicine. Pp. 422; 
155 ills. Philadelphia and London: W. B. 
Saunders Co., 1957. Price, $16.00 


COMPLICATIONS in eye surgery are an 
unwanted biproduct of active practice. There 
are many books dealing with proper manage- 
This enables the 


surgeon to steer clear of complications in a 


ment of routine problems 
very high percentage of cases. 

Even when the diagnosis is correct and the 
technique faultless, difficulties will arise. A 
text of this type is of great value. It outlines 
the possible complications in each type of 


tells avoid them: 
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HumaAN Earn By T. 
\I.D Instructor in) Dermatology, 
University. Pp. 116; 40 ills. Spring- 

l.: Charles C Thomas, 1957 (Pub- 
simultaneously in Oxford, England: 

kwell Scientific Publications, Ltd. and in 


Canada The Ryerson Press). 


RRYS TI Human Ear Canal is a study 


it of the anatomy with information 


t ill phy sicians. The book contains 
ssion of the anatomy, physiol- 
icrobiology of the ear canal. There 


late compilation of the known 
The clinical picture of external 

( I ental production, diagnosis 
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n ace bibliography 
chapter and additional 
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illustrated and well 
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vy York. Pp. 277; 48 plate s. New 
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chapters on dis 
by expected to 
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hyperost ind Paget's disease are 
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there is a chapter on the 
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the differential diagnosis 

At the end of the book there 
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are 45 pages of illustrations, almost all of 
them roentgenograms. 

Since in this rather slender volume, some 
28 different disease entities are discussed, it 
is obvious that few of them are given a com- 
plete treatment. One gets the impression 
that the author has written as he pleased 
and about what he wanted to without much 
attention to the conventions of authorship. 
Some of the chapters are no longer than two 
pages. There are few writers other than Dr. 
Snapper who could write such a book and 
produce something of value. This book is a 
treasure, though a small one, because _ it 
records the Opinions and experience of one 
ot the world’s great clinicians and teachers. 
Without bothering about the fundamentals he 
records his observations in a number of dis- 
eases and the whole adds up to a valuable 
collection of signs and symptoms of which 
the modern clinician must be aware. If the 
tone of complete assurance disturbs the 
reader, he must remember that the author 
Is writing from an enormous experience whic h 
tow peopl ever hope to attain. E. A. 


Bone Tumors. By Davin C. M.D. 
Mayo Clinic. Pp. 224; 258 ills. Springfield, 
Ill.: Charles C Thomas, 1957. Price, $11.50 


Bone Tumors is essentially an atlas, which 
records the data obtained by an analysis of 
the Mavo Clinic material of over 2,000 cases 
It is a good atlas because it contains enough 
tert to ¢ xplain the illustrations. A preliminary 
chapter gives a classification and maps the 
structure of presentation in the remainder of 
the book A cl ipter is devoted to each 
entity and each chapter contains a diagram 
of the age, sex and site incidence, illustrative 
rocntgenograms, Gross and sometimes clinical 
pictures and several photomicrographs The 
book is an intelligent survey of one of the 
largest collections of bone tumors in the 
world, much of which has been presented 
in the journals of the past several years, put 
together in an orderly fashion in a singk 
volume. Because follow up study on most of 
the cases was available the author includes 
a paragraph on treatment and one on prog- 
nosis for each entity a. A 


GENERAL DIAGNOSIS AND THERAPY OF SKIN 
Diseases. By Hera ann WERNER SIEMENS. 
M.D., Professor of Skin and Venereal Dis- 
eases, University of Leiden, Holland. Trans- 
lated from the German by Kurt WHENER. 


re 
$4.75 
| 


M.D., Dermatologist, Mt. Sinai Hospital, 
Milwaukee, Wis Pp. 324; 375 ills. Chicago: 
University of Chicago Press, 1958. Price 


$10.00 


ruts beautifully illustrated and well printed 
volume is a useful source book for teachers 
of dermatology who wish detailed information 
on the basic lesions as an aid in preparation 
of their lectures on the physical diagnosis of 
dermatology. However, the reviewer doubts 
that it, presenting a new approach to the 
teaching of dermatology by concentrating on 
the morphologic fundamentals of skin disease, 
will be of much use as a textbook for students 
or practicing physicians, since detailed discus- 
sion of individual diseases is not included. 
The idea of emphasizing morphology is laud- 
able, but modern trends in dermatology stress, 
in addition, the underlying causes and mech- 
anisms producing the fundamental lesions. 
[This book does not cover this phase of the 
subject The content is divided into general 
1 (including a 


q1lagnosis color: 
extent, shape and distribution: hair 


dis« ussion of 


le $10ns 


and nails; systemic symptoms; subjective 
symptoms and history; and auxiliary diag- 
nostic techniques), and principles of therapy 
including vehicles: medications in the stricter 
sense [active ingredients]; administration of 
treatment; physical therapy; minor surgery in 
skin diseases treatment of — skin 
and therapy and experience). This 


an all too brief 


systemic 
diseases; 
text material is introdced by 
discussion of anatomy and histopathology of 
the skin. The subjects are well indexed. Al- 
though this work is a 
German, the book reads well due to the devo- 
tion of a skillful translator who is himself 
author of successful dermatologic books, Kurt 
Wiener B. 


translation from 


MopERN TRENDS IN NeEuROLOGY. Edited by 
Denis C.B.E., M.D., D.Sc 
Physician, National Hospital, Queen Square. 
Pp. 350; 80 ills. New York: Paul B. Hoeber, 
Inc., 1957. Price, $13.50. 

THis valuable volume is another in the 
series of modern trend in neurology. It is a 
satisfactory and authoritative review of the 
urgent problems of neurology. It contains, 
among other 
electromyography, a subject which presumes 
to displace clinical observation by mechanical 
recordings. The section relating to this prob- 


subjects, a survey of clinical 


lem ends with a discussion of its future and 
quotes Sir E. D, Adrian as follows in his Oliver 
Sharpey lectures: “The subject of these lec- 
in which striking advances 


tures 1s not one 
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have been made in the last few vears. It 


one which raises many more questions tha 
it solves, and it may turn out in the end t 
have little or no importance in practic il me 


icine.” These words, written in 1925. are. ¢ 
the revi wer, as sound today as they wet 
over 30 years ago. The caliber of the mat 
other contributions in this volume is hig 
indeed. A good review of the recent studi: 
relating to spinal fluid is contributed by Sweet 
and of the physiology of increased intracrani 
an excellent dis 


pressure by Foley There 1S 


cussion of the results of treatment of sponta 
neous subarachnoid hemorrhage (Walsh) and 
good discussions of the chemistry of mvelir 
Cawthorne contributes an excellent survey of 
aural vertigo. 

The volume is extremely useful for 
interested in the broad aspects of medicine 
and not only for neurologists. It can be high) 


recommended B. A 


BLoop Group SuBSTANCES: THEIR CHEMISTRY) 
AND IMMUNOCHEMISTRY By \ 
KABAT, 


Neurology, 


Departme nts of 
Colle ve ot 


Microbiology and 
Physicians and 


Surgeons, Columbia University Pp. 330; 32 
ills. New York: Academic Press Ini LO5¢ 
Price, $8.00 

In this volume the author has brought 
together information concerning blood group 


substances as viewed 


from the standpoir 


of quantitative immunochemistry. The subj 
matter is presented in 10 major sections 
cluding Human Blood Group Factors; Meth- 
ods Used in Testing for Blood Group Ant 
Antigens Sources of Bk 
Purification of BI 
Antibodies to Blood Gri 
Substances and their Biological Effects: 
Biological Effects and Uses of Blood Grow 
Substances 


bodies and 
( sroup Substances 


Group Substances 


This book is an excellent treatise on a ci 
plex subject and complements existing Works 
deal with the 
anthropological aspects of the blood groups 


which genetic, clinical, 
It is recommended to all investigators in this 


and related fields cS. 


Tue Book oF Peptatrrics (1957-1958 
YeaR Book Series). Edited by SypNey 
GELLIS, M.D.., Professor of Pediat 


School of Medicine 
[The Year Book 


$7.50. 


Boston University 
469: 153 ills. ( hicago 
1957. Price, 

ONCE again in the Year Book of Pedia 
1957-1958 series. the 


lishers, Inc., 


editor has maint 


It 
a 


A 


LsSIED. By | 


high standard of quality as in pre- 


wes. The articles reviewed are 

sen and cover a wide range of sub- 
n the field of pediatrics. 

of the ost valuable features of the 

s00k the comments made on contro- 


ubjiects by the editor or recognized 


itic Through these editorial comments 

det l ven a comprehensive revie WwW 
t possible by the abstracting of a 

irt 

book is an excellent reference source 

se engaged in all aspects of pediatrics. 

R. O. 
Spastic CHILDREN: THE Epuca 


CEREBRAI 
ELEANOR SCHONELL, M.A., 
Formerly Research Fellow, University 
Pediatrics 


AND (;,UIDANCI OF 


irmingham 


Department of 


Child Health. Pp. 242; 18 ills. New 
| Philosophical Library, Inc 1956. 
$6.00. 
iE purpose of this book is stated as, “to 
e first hand information of an education 
chological kind” for those working 
“the erebral palsied In the author's 
t found to occur about once in 
thousa children of school age. The 
point t that there is very little 
hed material giving results of research 
f a psychological nature. She shows 


51% had L.O.’s over 70 and she empha- 


it i 


uty under 


table palsied children 


art that factors other than intelli- 
play in a child’s performance 
book lescribes what. this group of 
Then there are described the results 
survey done in England on the intel- 
capacity of these handicapped young- 
In another part of the book 
il applications of her work are given. 
handicapped, 
given the Op- 


some 
s found that 


severely 


proper circumstances show 
proy 


progress in reading, writing and arith- 


Chere is lso a good discussion of some 


ocial and psychological aspects of the 


The book is well written and illus- 
including case reports It is recom- 
interested in the 
child with cerebral palsy. 


for ill who are 


t Medical Research. A Reprint of the 
icles in the Report of the Medical Re- 
rch Council for the year 1955-56. Pp. 

London: Her Majesty's Stationery 


1957. Price, 2s. 6d. 
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The Story of Peptic Ulcer. By Ricuary D. 
Tonkin, M.D.,  F.R.C.P., Westminster 
Hospital, London. Pp. 71; 67 ills. Phila- 
delphia and London: W. B. Saunders Co., 
1957. Price, $2.25. 

Ine high incidence of ulcer and the need for 
education of the patient so affected led Dr. 
Tonkin to create this simplified, entertaining 
Stor, of peptic ulcer and the people who have 
them. The illustrations by Hellier will delight 


any depressed dyspeptic The few minutes it 
takes to read this book will be rewarding 

Animals Parasitic in Man. By Grorrrey 


LapaGe. Pp. 320; 75 ills. Baltimore: 
Penguin Books, Inc., 1957. Price, $.95. 


Basic Pharmacology for Nurses. By Jessie E. 
B.A., R.N., M.Eb., Instructor 
Hayward-Fairmont School of Vocational 
Nursing, Hayward, Calif. Pp. 255; 8 ills. 
St. Louis: C. V. Mosby Co., 1957. Price, 
$3.50. 


[His is a convenient, well prepared outline ef 
pharmacology for students of nursing. General 
principles, calculations, measurements, dosages, 
and various practical points concerning svringes 
are covered in the first fourteen chapters. The 
various drugs are then grouped for consideration 
under the major systems or organs which they 
affect A special chapter is devoted to drug 
legislation. A helpful glossary is included. This 
outline should prove to be adequate for most 
student nurses _ 


Neurologia Basica: S« miologia Clinica Pro- 
pedeutica. By Dr. Gustavo F. Pocu, 
Subchief in Neurology, Hospital Ramos 
Mejia, Buenos Aires, Argentina. Pp. 253; 
55 ills. Buenos Aires: Lopez & Etche- 
goyen, 1957. 

A BRIEF description of the most important 
signs, symptoms and syndromes in neurology 
that should prove useful in the clinical teaching 


of medical students 


Fear: Contagion and Conquest. By JAMeEs 
CLarK MaLonry, M.D. Pp. 140. New 
York: Philosophical Library, Inc., 1957. 
Price, $3.75. 

In order to achieve healthy growth, the indi- 
vidual needs unconditional material love from a 
motherly mother. The proper measure of maternal 
love means neither too much nor too little 
loving support for the child at any stage of its 
development 

Fear and tensions are contagious. Healthy 

mothers transferred to an unhealthy culture pro- 

duce unhealthy children while unhealthy mothers, 
comfortable in their environment, produce health- 
children, 
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an ook is an oversimplication of the com Hou to Write Scientifre and Technic 
roblem of ego developments The psvchic 
f the infant itself is ignored. Cultural Pape s. By AM ELEASE, 
nfuencing the mother are touched upon Columbia University ird_sed Pp. 18 
M. B Baltimore: The Williams & Wilkins Cor 
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